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ABSTRACT 

This summary of research in science education 
continues a long tradition of review and analysis of research in 
science education by the ERIC Clearinghouse for Science, Mathematics, 
and Environmental Education. The summaries provide an overview of 
recent research, provide research information in a succinct form for 
practitioners and development personnel, stimulate ideas for future 
research, and track trends in science education research. The 
research selected was published in lA refereed journals during 1991. 
(These journals were considered to be the primary journals for the 
dissemination of science education research.) Over 50 dissertations 
reported in 1991 are referenced but not summarized. The summary is 
divided into two broad categories: (l) research on teaching, and (2) 
research on learning. Category 1 is subdivided into four areas: (l) 
curriculum and instruction (e.g., nature of science, reading and 
writing, strategies and methods) ; (2) cognition and achievement 
(teachers' knowledge of students' knowledge and of content and 
pedagogy); (3) affect and characteristics (teachers* attitudes, 
beliefs and characteristics); (A) science teacher education. Category 
2 is subdivided into three areas: (l) curriculum and instruction 
(©•g« > process skills , scientific literacy, learning in small 
groups); (2) cognition and achievement (reasoning and problem 
solving, conceptions of science, cognitive style and study 
strategies); (3) affect and characteristics (e.g., gender issues, 
science competitions, course enrollment). A "Brief Guide to ERIC" 
concludes the document. (Contains over 150 journal references.) 
(PR/CW) 
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Preface 



Synthesizing and sununarizing the empirical research on science leaching 
and learning during 1991 was certainly a formidable task. After completion of 
our task, one perception remains clear. The science educadon literature base 
continues to expand each year exceeding the research reported during the 
previous year. The efforts that will be expended by the reviewers of the research 
for the 1992 calendar year have our appreciation in advance. 

The enormous volume of research reported during 1991 necessitated some 
justifiable deviations from previous reviews. Of most prominence was the 
limitation of this review to only those reports of research published in refereed 
journals. This criterion insured that only research already subjected to the highest 
level of peer review would be included. In previous reviews, selected paper 
presenuit'ions and ERIC documents were included. It has not been uncommon, 
however, for reports from these sources to eventually appear in refereed joun-.als 
and, consequently, be included in a subsequent review of the research. We have 
attempted here to avoid the redundant reporting of the same research report and 
creating faise impressions with respect to tlie importance afforded to a given line 
of research by the science education community. 

There is one exception to the aforementioned criterion. We have referenced 
(but not summarized or reviewed) dissertations reported during 1991. We felt 
that dissertations provide the best representation of the interests of emerging 
scholars in our field and quite often arc indicators of emerging research agendas. 
Disscrtadons have been cited in the most appropriate sections throughout the 
review and a separate reference list has been included following the primary 
reference list. 

The "published report" criterion resulted in a through review of the following 
journals: American Educational Research Journal International Journal of 
Science Education, International Journal of Qualitative Studies in Education, 
Journal of College Science Teaching, Journal of Elementary Science Education, 
Journal of Science Teacher Education, Journal ofTeacfier Education, Journal of 
Research in Science Teaching, Review of Educational Research, School Science 
and Mathefnatics, Science and Children , The Science Teacher, Science Education, 
and Teaching and Teacher Education. These were considered to be the primary 
journals for the dissemination of science education research. We do, however, 
realize that impcutant works may have been published elsewhere. It was not our 
intent to derogate other journals or the resejirch reported within their pages. 
Limited space and time necessitated difficult selection decisions. Our apologies 
arc sincerely offered to tliose who have been omitted from Uiis review. 

A priori categories or section heading were not used in the conceptualization 
of ihe review. We independently reviewed the toUil set of research report titles, 
lutch reviewer tlien formulated tliree levels of primary and subsection headings 
based upon the existing research reports. These section headings were Uien 



discussed as a group and revised when appropriate. Each reviewer was assigned 
approximately one third of the articles to be reviewed. After a through review of 
each research report, primary and subsection headings were revised individually 
and by the group. Consequently, the section he^idings used to format the review 
serves as a "rough" summary of the lines of res/iarch currenUy evidenced in the 
published science education literature. Each primary section and some subsections 
(when volume warrants) are followed by a "Comments" section in which the 
reviewer discusses topics such as general findings, design issues, and future 
reseiuch. 

The section and subsection headings have been i^ovided primarily lo 
facilitate your use of the review. Please be assured that we are well aware of tJ:ie 
problems inherent in any categorization scheme. We are also aware of riie 
significant limitations that exist when a brief summary is designed to capture the 
essence of a researcher's arduous efforts. We apologize, in advance, to those 
colleagues whose ideas and efforts have been misrepresented. Above all, we 
recommend that you use this review as a secondary source and ihat you refer to 
the origind r csearch reports for those details and salient points that could not be 
included in this review. 
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As llic knowledge base aiid professional lilcrature in science education 
continue to expjuid mid diversify, it is becoming increasingly difficult to gain an 
overall sense of how reseiirch in science education is evolving. Periodic 
suminiuies of reseiirch provide "snapshots" of work in progress, as well as 
evidence of changing priorities and the emergence and decline of research 
agendiis. ITiis Siwwuiry of Research in Science Education continues a long 
addition of review and mialysis of research in science education by the ERIC 
Clearinghouse for Science, MatJiematics, and Hnvironmental Education (ERIC/ 
CSMHI:). The intent is to consolidate ^ind critique research findings related to 
teaching and lejiniing in tlie sciences as they are reported during one-year 
intervals. The suitunaries iire developed in consultation with the National 
AsscK-iation for Research in Science Teaching (NARS'O. Individuals identified 
by the N ARST Research Committee work v-ith suiff members at ERIC/CSMEE 
to identify, review, evaluate, iuialyze, and suirunarizc research findings. The 
purposes of the summaries include: (a) providing an overview of recent research 
activity for schohu-s in Uie field, (b) providing research information in succinct 
fonii for practitioners ;uul development personnel, (c) stimulating ideas for future 
reseiirch, and (d) tracking trends in science education research. I hope you find 
this Summiiry both professionally useful and intellectually satisfying, 

'llvanks to the authors for their efforts in producing tiiis summary. The task 
of review ing such diverse bodies of research over a relatively brief period of a few 
months is fonnidable, and it is always a challenge deciding how to cluster 
resciu-ch findings in seemingly natural and useful ways. We have broken with 
tradition somewliat this yeiu" by not including reviews of dissertations and 
conference papers. The authors were also asked to add their comments within 
each section of the re view, helping us coiitextualize the collective efforts reported 
during Uie \ci\x. Since Uiis review process is evolving as the research evolves, you 
lire encouraged t(^ submit comments ;uul suggestions after reading this Summary 
for 199 1 . In the final analysis, we itre nuiking tiiis effort to serve readers like you. 



David L. Haury, Director 
f:RIC/CSMF.E, 

1929 Kenny Road 
Columbus, OH 452 10- 1015 
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RESEARCH ON TEACHING 



Curriculum and Instruction 

This section on Curriculum and Instruction has been sub- divided into the 
following sections: Nature of Science; Science, Technology and Society; Informal 
Settings; Technology; Reading and Writing; Critical Thinki- g and Problem 
Solving; Strategies and Methods. The last section has been further broken down 
into: Changing Misconceptions, aiid Other PediigogiciU Strategies. 

Nature of Science 

In an effort to develop a model that would enable preservice and inservice 
teachers and graduate students to an^Uyze tiieir own views on the nature of 
science, Loving conducted a survey that was sent to 17 active NARST members 
from different institutions of higher education to detennine the extent to which 
philosophy of science topics were incorporated into required courses. Responses 
indicated that 13% of undergraduate science education majors and 19% of 
graduate students have a philosophy of science course in their program. Ku 
undergraduates and only 259?- ofgraduate students, however, consistently examine 
texts and curricula to detennine the philosophical orientiitions of authors or 
philosophical underpinnings of programs. 

Based on descriptive responses from the survey. Loving constructed a model 
named the Scientific Theory Profile identifying 12 key scientific philosophers 
who are tentatively placed into one of four quadrants. These consisted of: The 
Natural Anti-realist (Kuhn, Feyerabend, Holton, and "ScKioIogists of Science"); 
The Rational Anti- rciilists (Toulmin, Shapcre, and Laudan); The Rational 
Realists (Hempcl, Popper, Uikatos, and Glymour); and The Natural Realists 
(Giere). The author acknowledged that tiie categories of philosophers may be 
viewed differently at various historical points in time iniLsmuch as their ideas and 
positions became modified and refined over time. The model described by the 
author can be used as a fociil point for philosophy of science courses and 
encourages the use of concrete activities for what is often perceived as an abstract 
topic in science teaching. 

Solomon reported from past studies cursory findings which suggested that 
mere exposure to laboratory work does not automatically produce understanding 
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ofthe nature of science. In Britain, asainple of 141 seventeen year-old students' 
views revealed that 62% believed laboratory work yielded "certain" knowledge, 
and 50% believed scientific knowledge is based on logical thought. The author 
also found that 7 1 % of the sample chose to define a theory as a "well-established 
explanation'' as opposed to "a hunch" (22%), or a "well-proven fact" (16%). 
Finally, as to why scientisLs may disagree about certain subjects, 65% of the 
students selected the option that indicated there are "different theories;" 48% 
reported that "no one has all the facts' (represented a more theoredcal opdon); and 
21% selected options diat raised questions about scientists' motives (scientists 
were more influenced by personal career or political interests). The audior notes 
that prior research indicates diat children are interested in how they are learning 
science. Research on how younger children (i.e. junior high school age) may 
derive notions about the philosophy of science as they undergo process-oriented 
laboratory instruction also warrants attention. 

Gallagher raised two fundainenfilly important questions about teachers' 
knowledge and beliefs about the philosophy of science. First, what viewpoints 
arc being conveyed to students, and second, how do teachers' conceptualizations 
about the nature of science influence tiieir teaching? Secondary school textbooks 
were reviewed, and ethnographic studies of teacher behavior were conducted to 
address the first question. Two popular texts. Modern Biology by Towle (1989), 
and Conceptual Physics by I lewitt (1985), were examined. The author concluded 
that while the textbiX)ks may begin with one or two chapters on die nature of 
science and how scientific knowledge is formulated, these concepts are not 
interwoven in the presentation of subject matter in subsequent chapters. 

In ethnographic observations of 27 secondary teacners from five schools in 
two districts, Gallagher observed over 1000 science lessons. Twenty-five of 
tiiose teachers devoted no time to concepts related to die nature of science, tended 
to empha:;ize terminology, and presented science as a body of knowledge. 
The author reported that secondary teiichers are not encouraged in Uieir teacher- 
training programs to enroll in history, philosophy, or scKiology of science courses 
and infers that tiiis lack of study prcxJuces a serious deficiency in Uieir knowledge 
of history and philosophy of science. Conceptudizations tiiat are associated widi 
an instrumentalist perspective within teacher-training courses are suggested as a 
partial remedy for tiiese deficits. 

Beginning student teachers expressed similar views in a study by King who 
questioned 1 3 subjects using a 1 4-item survey on die first day of dieir introductory 
course in curriculum and instruction in science. The questionnaire elicited the 
students' views as to what science is, how scientific knowledge is produced, why 
it is important and how science should be Uiught. At die end of die course after 
at least one week ofstudent teaching, 11 of die 13students were again interviewed 
and provided die opportunity to revise dieir original comments. Aldiough most 
students were interested in history and philosophy of science concepts, diey were 
concerned aboutthe "practicid" aspects of science tcacoin^ (i.e., lesson planning, 
conducting laboratory activities, evaluation). Aldiough most felt diat history and 
puilosophy of science should play an important role in dieir teaching, diey had 
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never had a course in this area. At least three students were not even sure what 
"philosophy" meant, and nine students felt unprepared to incorporate these ideas 
into their teaching. King pointed out that while most of the beginning teachers 
in his study did not at first stress the imparting of "facts" to students, the research 
reveals that most science teachers are "scientistic" and positivistic in their views. 
Questions remain as to whether the students in this study were atypical or if 
something happens to new teachers causing them to revert to positivistic views. 

Science Technology and Society 

A common conceni that cuts across the teaching of science in a social context 
is how to improve the quality of student discourse. Geddis examined this issue 
by using an exploratory case study approach of one teacher's class with respect 
to how students discuss controversial issues. The class consisted of 21 tenth 
grade, non-college bound students. The teacher was trained in the use of 
constructive feedback, a conceptual scheme developed by the author in which the 
teacher considers knowledge, ideology of teaching, and the intellectual context 
of instruction. In short, instruction was set in an explicit epistemological and 
pedagogical context that was foreknown to students. 

Discussions during the last week of a unit on chemical change were observed 
while competing controversial claims were presented to students concealing the 
sources of acid rain. Al Jiough a description of the lesson is too lengthy to be 
reported here, the study illustrates the ontology of student discourse based on 
continued monitoring and intervention with teaching strategies. The author 
demonsu-ated that adaptations in teaching strategies can occur during a lesson in 
a way that takes into account multifaceted perspectives of students and makes 
provisions for their intellectual independence. 

Zoller, Wild, and Beckett conducted an ex-post facto study to determine (a) 
if there arc differences between the STS beliefs and views profiles (SBVPs) of 
science and non-science teachers, (b) levels of STS literacy among teachers, and 
(c) the extent to which STS education may be indoctrination. Six representative 
items from the Views on Science, Technology, an^i Society (VOSTS) inventory 
were selected to identify teachers' and students' beliefs about STS issues. Each 
item allows the subject to select from five to eight "active" choices and three 
"passive" choices that reflect a SBVP for that individuiil. Comparisons were 
made among 1 83 teachers of sch(X)ls with STS programs (49 were teachers of STS 
courses) and 149 grade 12 students who had taken STS courses. The results 
revealed ihiU the subgroup of STS teachers were not uniquely different from other 
teachers in their SBVPs. Some gender differences were found favoring female 
teachers who appciil to authority on ceriiiin issues and tend to view technology as 
t(X)ls/instruments. The authors also report that the STS literacy of teachers with 
respect to conceptuiilizing the differences between science and technology, and 
their interrelationships, was questionable. They miike the claim by inference that 
the literacy of tliose teachers' students would also be questionable. Finally, the 
authors concluded that the magnitude of differences b tween STS teachers' and 
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students' SBVPs suggests thiit teachers educate, rather than indoctrinate, they 
pennit students to construct their own positions on various STS -related issues. 
All appendix of the inventory is included in this report. 

Informal Settings 

Ault and Herrick were intrigued by the opportunides that museum exhibits 
offerforconducdngresearchabout "everyday" conceptionsofnaturalphenomena. 
They suggested that such opportunities can benefit science educators and exhibit 
designers as well as preservice and inservice science teachers. The researchers 
had students in an elementary science meOiods course participate in the evaluation 
of prototype museum exhibits. In one evaluation, visitors to an exhibit diat 
involved manipulating variables related to trajectory motion showed no evidence 
that diey attended to variables related to the modon of a projectile; nor did Oiey 
conceptualize motion in terms of changing velocity and condnuous motion. Over 
two dozen visitors concentrated on manipulating the launch variables and target 
position diat would allow them to "hit the Urget." This fact indicated Oiat science 
museum exhibits may be ineffectual for imparting conceptual understandings, 
while process ohjectives are more readily conveyed. 

A second evaiui^ion of an exhibit that demonstrated die transmission of light 
in flexible plastic tubes permitted pn^service teachers to observe 75 visitors and 
interview 20 of diem. The authors propose Uiat this is a novel and effecdve 
strategy which allowed teachers to observe the role of prior knowledge held by 
visitors wiUi respect to ihcir expcctadons and conceptualizadons of museum 
exliibits in genend, and scienUfic knowledge in particular. 

Wellington makes the case Uiat learning dirough newspapers is an instance 
of informal science learning. While difficult to assess, it can be a viable technique 
in formal science education. Using all 12 national newspapers in die United 
Kingdom for a one-week period, a cursory content anidysis was performed. In 
Uiat time pericxl, over 100 scientific tenns were used in die newspapers ranging 
from die relatively common (e.g., "smog") to die rather obscure (e.g., "nucleai* 
magnetic susceptibility"). Knowledge and understanding of scientific language 
is one of die main components of scientific literacy. Several examples dial 
especially misrepresented science were found. Most took die form of gross 
distortions of "whizz-bang breakdiroughs" diat stand in contrast to die progression 
of scientific knowledge. The audior argues diat science teaching should foster die 
development of critical diinking to equip students widi a healdiy skepticism. 
1 lence, using print media of al 1 "shapes and sizes, ediical and political persuasion" 
(Table 2, pp. 368-369) in deliberate ways can enhance formal science teaching. 

Price and Hein report efforts of die Program Evaluation and Research 
Group (PIIRG) in providing fonnative and summative evaluations of zoos, 
museums, outdoor education centers, and an aquarium in die Boston area. These 
evaluations have been part of a 15-year effort and tend to focus on science 
programs in infonnal settings, predominantly in grades K-8. The audrors 
evaluated some 30 progrmns diat included a wide range of science content. They 
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provided a suininary of the prognun characteristics which consisted of the 
following variables: program content in relation to student age, program content, 
size of working groups, sUilTing, space, number of sessions, number of years in 
program, session length, site, staff training, and classroom teacher involvement. 

The PERG evaluations provided an extensive set of guidelines and 
recommendations that teachers and museum program coordinators may use to 
promote the effectiveness of science field trips. Although infonnal program 
lessons should be well planned, stiil'f must remain flexible to the unique inteiests 
and questions of the group. Because student questions arc an index of knowledge, 
interest, and misconceptions, ample time must be allocated for them. A variety 
of activities, particularly interactive, hands-on experience and demonstration*: 
will engage students' interest iind will benefit students more than progrrms where 
students are taught in ciassnwms that are removed from exhibits. Programs that 
provide opportunities for hands-on experiences foliowaJ by concept intrcxiuction 
are more successful than prognmis tluit reverse the order. 

Interestingly, informal science prognims provided opportunities for non- 
academic and non- English speaking students to become engaged in science. The 
less structured settings also provided the opportunity for most students to 
demonstrate that they knew more about science areas than their teachers realized. 
This knowledge has the potentiid facilitating effect of niising teachers' expectations 
about student interest and learning. The authors also noted that field trips tended 
to affect positively teachers' attitudes towards science and to increase their 
confidence in teaching science topics in their classrooms. 

Lucas reported that interest in informal science leiiming has risen over the 
last 25 years. Using the ERIC diitabase as an indicator of interest, 85 entries from 
1966 - 1976 were retrieved: 99 entries from 1977 to 1983; and 163 entries from 
1983 to June 1991. The author noted that the preponderance of these articles 
consisted of arguments for the importimce of infonnal science learning or 
descriptions of programs in museums; very few are rese^irch studies examining 
the pr(Kess of learning science outside of the classroom. 

'Ilie present review of the science education literature for 1991 confinns this 
trend. Whereas some iirticles, such as Kingsland, describe how nationally 
organized fonnal science clubs outside the classrm^m cim positively alTect 
science interests, and others, such as O'Donoghue and McNaught, and Madd(Kk, 
describe the development of grass-roots movements of outdoor programs and 
cuiTicula, few ^irticle actucdly deal with empirical studies that examine transfer of 
knowledge, how students process information in setdngs that are primarily 
designed for entertainment, how teachers can enhance achievement by 
complementary teaching strategies in conjuncdon with field trips, and other 
critical issues related to teaching and Iciiniing science in informal settings. 

Technology 

Ellis and Kuerl)is presenied a report of a BvS(^S initiated F.NTIST MicTos 
(ENcourage llie Literacy of Science Teachers) project, which is designed to 
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promote effective use of micrcKompuiers in science classrooms. The project 
entailed a review of the literature in this area in which school objectives were 
identified and reduced through a factor analysis of survey data to a core set of six 
major constructs of essential competencies fw computer literacy in science 
teaching. These included: awarenessof computers; applications of microcomputers 
in science teaching; implementation of microcomputers in science teaching; 
identification, evaluation, and adoption of software; resources for educational 
computing in the sciences; and attitudes about using computers in science 
education. Experimental curricular materials were developed on the basis of these 
competencies and field tested on 18 groups of preservice and inservice teacher 
education programs across the country. Based upon feedback from those groups, 
BSCS revised and disseminated 50 sets of the final curriculum to field test 
coordinators and offered 16-hour workshops averaging 25 participants on using 
the new program. 

In general, the participants gave the materials high evaluations. One test of 
computer literacy (with no reliability indices reported) was administered, and one 
computer opinion survey (with high validity and reliabiUty) were administered to 
the workshop participants; both indicated significant differences between pre and 
posttest responses suggesting overall satisfaction with the program. 

Mandell suggested appropriate ways in which the microcomputer can be 
used in preservice preparation of science teachers, while Andaloro, Donzelli, 
and Sperando-Mineo discussed the importance and value of using the computer 
as a pedagogical tcx^l for mcxlcHng simulations in physics teaching. Only 
O'Brien and Korth presented the use of videotaping as a mechanism to foster 
teachers' understanding of cognitive science and self-development. The fact that 
only one study on technology by Ellis and Kuerbis was found in this review 
points to the paucity of research in this important area. 

Reading and Writing 

Lumpe and Schar»"nnn investigated whether two widely used biology 
textbooks. Modem Biology :1989) and BSCS Green Version (1987), adequately 
conveyed contemporary gjals through their laboratory activities. Two judges 
were trained to perform a content analysis of all the lab activities associated with 
each text. Twenty-four Uisk categories which reflected scientific inquiry, 
problem-solving skills, manipulative skills, and observational skills, were placed 
in four major groups (phmning and design, pcrfonnance, analysis and interpretation, 
and application) to fonn the content coding scheme. It should be noted that while 
interrater reUability was 0.80, both judges did not evaluate all laboratw7 activities. 

It was reported that neither textb<x)k provided many opportunities for 
students to develop their own problems, construct their own procedures, or design 
their own methcxis of investigation. Furthermore, neither textbook allowed for 
the formuladon of new problems or extended invcstigauons related to a given 
activity. Most investigations ailled for students to manipulate equipment, 
perform calculations, and define and discuss variables. Each text allowed, to a 
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limited degree, for students to make predictions and form hypotheses. The 
authors concluded that biology textbtx)ks have changed little when compared to 
content analyses done more than ten years ago. They caution teachers to 
recognize the inadequacy of texts in meeting the needs of students as problem 
solvers and decision makers. 

Vachon and Haney introduced a new concept, level of abstraction (LOA), 
not usually considered by traditional readability formulas, to investigate the level 
of cognitive demand of science text materials. LOA was operationalized in this 
study as the ratio of the number of concepts having no concrete exemplars to the 
total number of concepts in a text passage. (Nonconcrete concepts are defined as 
those referents that cannot be experienced directly or with the aid of instruments.) 
A group of 24 science educators were used in the validation process of developing 
prcKedures for identifying LOA concepts. Sixty-one science teachers representing 
elementary, middle, and high schcx)l levels were used to determine the LOA for 
nine samples of 200-word passages selected from grades 5, 7, and 10 life, earth, 
and physical science textb^x)ks. Using Cronbach's alpha and other criteria, a 
composite LOA score was constructed for each passage. Next, 1 1 classroom 
teachers at grades 5, 7, and 10 read passages written for students at their level, and 
using the teacher as a judge, predicted the level of student comprehension. They 
then administered a cloze prcKcdure for the same passages. 

The authors found that the LOA method produced an average agreement rate 
of 90% among the 24 science educators whereas Cronbach's alpha coefficieni 
ranged from .24 to .75 for teachers using only written directions to score the 
passages, indicating grcat variability of reliability scores. Correlations between 
LOA scores and readability levels within grade levels were medium to low, which 
lead the authors to conclude that readability and LOA measured different 
constructs. High correlations between levels of success predicted by teachers md 
LOA scores suggested that the teachers recognized the abstractiiess of the 
passages in relation to their students* comprehension. Finally, because the cloze 
scores were not found to correlate highly with readability as they do with LOA 
scores, they concluded iliat the levelof abstraction influences reader comprehension 
to a greater degree than the variables used in calculating readability .Hence, LOA 
was viewed in the context of this study as a means to measure the deep structure 
(i.e., cognitive-load) of written materials and is a factor that directly contributes 
to student comprehension. 

Another important issue in the area of reading and writing in science 
education is the i^sue of gender equity in textbooks. Bazler and Simonis 
addressed this issue by replicating a previous study of early 1970 high school 
chemistry texts and iipplying the siunc criteria for analysis to current chemistry 
texts. T\\c texts included: Reactions and Reason: An Introductory Chemistry 
Module, (Atkinson & I leikkincn, 1973; 1978); Chemistry (Choppmcial., 1973; 
1982); The Delicate Balance: An Enviromnental Chemistry Module (Gordon, 
1973; 1978); Modern Chemistry (MetCiUfe, Williams & Castka, 1970; 1986); 
Chi^-nustry:Experinu!ntsandPrinciples{0'Comovci3l.,\913\\9%2)\Ch€m^^ 
Experimental Foundations (Piirry, Steiner, Tellefscn & Diclz, 1970; 1987); and 
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Foundations of Chemistry {Toi)t\ & Ellis, 1973; 1978). These texts represented 
new editions to those fonnerly used in the 1970* s. The central questions under 
consideration were whether a measurable shift toward gender balance in 
illustrations, frequencies of named and unnamed male and female youth and adult 
illustrations had occurred from early to present editions, whether the relative 
frequencies of male and female verbal amilogics had changed, and wiiether 
gender depictions approximate the 50/50 ratio of men and woman in society. 

Coders conducted frequency counts on the 1970s textbcwks and were able to 
achieve a 0.98 reliability coefficient with the original ccxling scheme used at that 
time. The same coding scheme was followed on the current textlxx)ks and the 
average interrater reliability was approximately .89. 

The analyses revealtxi mixed answers to the question of gender fairness. 
Only one text out of the j^^ven reviewed was found to have significant changes in 
the overall proportion of male/female images having gender fairness. Two texts 
had significant changes in the direction of gender fairness in named and unnamed 
adult illustrations, and one text yielded significant chcUiges in gender fairness of 
youth illustrations. Only one text had significant changes in the direction of 
gender fairness in the use of verbal analogies. The authors caution that the 
assumptions used in the original ccxling scheme of the 70s may reflect orientations 
that may not be valid today; lliat is, some issues that were originally the prevalent 
concern of one sex may now be of concern to both sexes in to(lay*s society. The 
authors warn that teachers (and autliors of textbooks) need to recognize the 
subliminal messages that texts may convey to students. 

Shymaasky, Yore, and Good conducted a survey of elementary school 
teachers* beliefs about and perceptions of science textUwks and instructional 
Hictors related to using text material. The aulhorsclaim that while readingentails 
more than exU"acting meaning from printed symbols, current practice remains at 
the level of simple isolated decoding skills. Improving the selection of science 
textb(X)ks for use in the classroom first requires assessing existing beliefs and 
practices. A descriptive and comprehensive interactive- constructive model of 
reading that was derived from die positions of Piaget (experience), Vygotsky 
(language), and Karplus (learning cycle). This model, based on current research, 
seems to hold the most promise for science education. 

The purpose of the survey instrument was to capture elementary school 
science teachers' perceptions of factors asscxriated with this model. The sample 
consisted of 522 teachers representing 299 sch(X)ls in M 50 states, including 
Puerto Rico and the Virgin Ishuids. A 33-item questionniiire with Likert-typc and 
rank-ordering items was developed; validity was first established by an expert 
panel. Then Uiese d;ita were used to factor analyze items and establish validity 
for four conceptual clusters of items: teachers' beliefs about the purpose of 
elementary sch(K')l science instruction, beliefs alx)ut elementary school science 
reading, perceptions of elementary sch(X)l science textb(X)ks, and beliefs about 
supportive instruction for science readings. Reliability using Cronbach's alpha 
yielded ccKfficients ranging from 0.54 to 0.77 (which are probably low due to die 
low number of items of each subscale) with an overall reliability of 0.80. 
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The results suggested that teachers do ncH view reading scici.ce as different 
from other narrative material. The authors suggest that this is a major concern 
inasmuch as scientific writing embodies its own particular structure, lexicon, 
syntax, and semantics. The authors caution that these characteristics of scientific 
reading should not be overlcx>ked and their importance in teaching should be 
recognized through the use of generative strategies. 

Additional research on the use of generative strategies was conducted by 
Pearson. Using subjects who were high and low reading-ability from an 
introductory college level biology course, Pearson compared the achievement of 
students in a control group who were provided teacher-made questions (n^=4()) 
with an experimental group (n=37) who were trained to generate and use their 
own questions, after each group read weekly science assignments. The questions 
used in the study (whether teacher-provided or student-generated) reflected a 
taxonomic scheme having: referent, literal, interpretive, inferential, and self- 
critical level questions, 1 Ugh and low reading abi lities were determined by using 
Pan II of the Nelson-Denny Reading Test. Achievement was measured using a 
combination of weekly quizzes and a summali ve examination measuring biology 
content at the end of one semester. The results revealed that training students to 
generate and answer their own questions from text reading significantly improved 
performance. It was also found that teacher-provided questions at the literal level 
promoted the learning of intended and nonspecific discrimination material better 
than teacher-posed questions at any other taxonomic level. Because of the 
naturalistic setting and length of time during which this study was conducted, the 
findings add to the ecological validity of transfer of strategies to other science 
classes. 

Chiappctta, Fillman, and Sethna developed a procedure to quantify major 
themes in science textbooks that would enable teachers to systematically analyze 
the content coverage before adoption. Through many iterations of analyzing 
textbooks from life science, eiu-th science, physical science, chemistry, and 
biology, a 25-page training mjuiual consisting of four major themes of scientific 
literacy was developed. These themes included: (1) the knowledge of science; (2) 
the investigative nature of science; (3) science as a way of thinking; and (4) 
interaction of science, technology, and society. After all modificaiio to the 
manual were completed, a random sample of the five types of science textlooks 
was chosen, with 5% of the content sampled from each text for analysis. This 
procedure resulted in an average of 36.6 pages per text being selected to undergo 
content amilysis. Three raters were used, two having had extensive experience 
with the approached developed and one who was a high sch(X)l teacher who had 
reviewed the training manuiil iind performed the exercises contained in that 
manual. 

llie authors found an overall rjinge of percent agreements between 80 to 97 
(with kappas ranging between 0.73 and 0.96) was obtained using the thematic 
units described in this project. It is important to note that this approach stands in 
contrast to using scientific words to characterize science textbooks. For the 
particular books reviewed, the percentage of themes of scientific literacy revealed 
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that science as a body of knowledge was most prevalent (tnem^65J), followed 
by science as a way of investigating (/mfan=24.2), interaction of science, 
technology, and scKiety (fnean=9.0), and science as away of thinking (mean==l . 1) . 
Althougli the authors suggest that the reliability of the procedure developed in the 
training manual should be verified by other researcliers, using themes as the unit 
of analysis appears to be a fruitful avenue for the assessment of science textbooks 
with regard to their eventual adoption. 

In a related study, Chiappetta, Sethna, and Fillman used the procedure 
described above to perfonn a quaiititiitivc analysis of high school chemistry 
textbooks for scientific literacy themes and expository learning aids. Five texts 
most conmionly adopted by schcx)l systems aaoss the nation [Chemistry 
(Wilbraham et al., 1987); Chemistry (Dorin, 1987); Heath Chemistry (Heron et 
al., 1987); Modern Cliemistry (Metcalfe et al., 1986); Chemistry, A Modem 
Course (Smoot et al., 1987)] and two additional nationally recognized chemistry 
course texts [Chemistry-An Experimental Science (CHEM Study) (Chemical 
Education Study Material, 1960); and Chemistry in the Community 
(ChemCom)( American Chemical ScKicty, 1988)] were selected for review using 
a 5% sampling of material coverage and two raters. Intercoder agreement for the 
seven b<H)ks ranged from %2% to 92% with kappas from 0.73 to 0.89 with respect 
to identifying the four themes of scientific literacy described above. 

Of particular interest is the fact that the knowledge of science theme had 
means that ranged from 68% to 87% for the original five texts, wnile the 
ChemCom mean was 25% and the CHEM Study tnean was 91 %. In contrast, the 
investigative nature of science theme had mean ranges from 9% to 26% for the 
five texLs, while the ChemCom mean was 43% and the CHEM Study mean was 
only 6%. This result reflects the 1960s orientation of goals for CHEM Study and 
the 1980s orientation of goals for ChemCom. The theme of science as a way of 
thinking was very p<K)rly represented (less than 5%) for all texts, and the STS 
theme was highest for the ChemCom text. The authors also found the quantity 
of expository learning aids varied greatly among the texts with the tnean number 
of pictures ranging from 9 to 25, the mean number of questions per chapter 
ranging from 3 to 60, and the mean number of questions at the end of chapter 
ranging from 11 to 120. 

Shepardson and Pizzini extended the examination of expository learning 
aids in science textb<K)ks by considering what differences exist in the cognitive 
level of qucstionsamong eight junior high schcK)l texts that represent approximately 
50% of the miu*ket. An analysis scheme that classifies the cognitive level of 
questions raised by texts as input (recall of infonnation), processing (form 
relationships among infonnation that has been recalled), and output (infonnation 
used in new ways that extend concepts) was selected, using two coders who 
achieved intercoder reliabilities rmiging from 0.83 to 0.96. The publishers of the 
texLs were Merrill and ScoU-Foresmiui. Using a stratified cluster sampling 
approach, the chapters aniilyzed accounted for approximately 17% of all textbook 
chapters. A toliil of 3, 140 questions were analyzed: 79% were ^t the input Icyel; 
15% were at the prcx:essing level; and only 7% were at the output level. It was 
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also found that the proportion of input, processing, and output questions among 
the texts representing life science, physical science earth science, and general 
science was equivalent, suggesting that students are uniformly exposed to low- 
level questions among science disciplines during junior high school. The authors 
suggested that the over reliance on low-level cognitive questions appears to 
hinder text comprehension by limiting the extent to which the student's prior 
knowledge is utilized, and by fostering a low-level purpose for reading, thereby 
reducing the integration of textual information into the existing knowledge base 
of the reader. 

The level of inquiry contained within the activities of science textbooks and 
supplemental activity guides was exmnincd by Pizzini, Shepardson.and Abell. 
llie Merrill Focus and Principles series and the Scott Foresman series were 
reviewed, with random chapters sjunpled for inquiry level analysis. Inquiry 
levels were ccxled by level of openness: confinnation, slnictured-inquiry, guided- 
inquiry, and open-inquiry. Two trained ccxlers achieved reliability of r= 0.99 op 
six randomly selected chapters. A totiil of 32 chapters from eight textbook series 
and their supplementiU g jides were reviewed. 

The results indicated that no guided or open-inquiry activities were found in 
the chapters sampled from the textb(X)ks or the supplemental activity guides. 
There were significmit differences among tlie levels of inquiry among all the 
scries, with more confirmation level activities than all others together. Significant 
differences were also found between the Merrill series and the Scott, Foresman 
series, the latter having very low numbers of structured-level inquiry activities. 
The authors concluded thiit the level of inquiry in these textbook series is very 
restrictive, confining students to confirmation and structured-inquiry level 
activities. They suggest that science teachers take the responsibility to include 
more guided juid open-inquiry activities in their classes. 

Selden examined the selective traditions of biology textb(X)ks covering the 
period between 1 9 14 juid 1949. Specifically, 40 high school texts available to the 
author were reviewed (1) to delemiine whether eugenics was presented as 
legitimate science, (2) to exmnine the nature of the evidence provided, and (3) to 
explore what eugenic social policies may have been recommended during that 
time. The author found that over 90% of the texts reviewed included eugenics as 
legitimate science and noted that evidence in support of the theory was furnished 
in the form of pedigree chiirts contiiining personality traits (e.g., "character," 
"intelligence," "wandering") that ran in certain families, and discussions of 
"superior" families. Analysis of photographs from these books revealed that 
some photos were retouched to depict offspring with certain socially undesirable 
anomalies to appear even more threatening and degenerative, by lowering 
hairlines aivj emphasizing scowling visages, pimicukirly when discussing traits 
such as "feeblemindedness," which threatened traditional values. This fascinating 
historical study raises serious implications with respect to how contemporary 
science may also be presented in a way tliat exemplifies tlie desire to use it for 
socialization rather than for education. 
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Others in the literature related to reading and science, have raised issues of 
concern involving pedagogical decisions about how to best utilize reading 
material. Some, like Yore and Shymansky, outline critical references related to 
comprehension of science text material and present several general teaching 
strategies to promote student comprehension . Others, like Memory and Uhlhorn 
argue the case for using a multiple-textbook approach with different readability 
levels in the science classroom. These authors also included a list of "easy- 
reading'' textbooks of secondary students for earth, life, physical, and general 
sciences. 

Only one article presents a strategy for stimulating students' thinking 
through writing. Butler describes a traditional lesson in biology presented using 
a writing prcKcss approach. Reseiirch in this latter area would seem appropriate. 

Finally, Kinnear discusses the benefits of using a historical perspective 
(hence, historical readings) to enrich science teaching in the area of genetics. Such 
an approach, it is argued, can convey to students the development of explanatory 
models over time, can show how prior knowledge affects model development 
and can aid in understanding the scope of underlying assumptions in the 
construction of a model. These points would tend to illuminate an instrumental 
conceptualization of the nature of scientific knowledge. 

Critical Thinking and Frol)lem Solving 

Harty, Klmxsterman, and Matkin invesdgated the extent to which problem 
solving/critical thinking have been incorporated into the elementary school 
science curriculum, and whether it was uiught more often in the upper or lower 
elementary grade levels. Problem solving was operationalized as the ability to 
draw reasonable conclusions about data given no clear procedures for making 
conclusions. A Likert-typc questionnaire containing four items was constructed 
and validated by an expert panel for content. Reliability was determined by tesl- 
retest (0.95) Spearman-Brown ccx^fficient. The quesdonnaire was mailed to414 
elementiiry principals representing 37^ of the principals in one state with a 
response rate of 76% (n=317). The authors found that the upper elementary 
school science program placed a significantly greater emphasis on problem 
solving than programs at lower grade levels, and that 58% of the schools in the 
sample used such approaches very often. In contrast, 64% of lower grade level 
schtK)ls rarely udlized liiis approach. It should be noted that the authors used the 
terms critical thinking and problem solving analogously and that possible 
demand characteristics of the questionnaire itself may have contributed to the 
responses. 

McMurray, Beisenherz, and Thompscm noted that efforts to teach cridcal 
thinking in science classrtK)ms needs to be accompanied by ways to measure the 
success of intervention strategies and that the instrument used to evaluate the 
method of teaching employed must clearly operadonidize the construct being 
measured. Although some measures assess general definitions of critical thinking 
do exist, it would be beneficial to researchers and teachers to be able to measure 



Research on Teaching ♦ 13 



critical thinking in specific science domains. The puqx)se of this study was to 
construct a Test of Critical Thinking in Biology (TCTB) appropriate for general 
courses in biology. The authors conceptualized cTitical thinking as being able to 
reason dialectically or logically in synthesizing multiple frames of reference 
applied to new problems. 

An initial p<K)l of 75 items wils pilot tested on 72 introductory college biology 
student^;. Based on item difficulty and discrimination coefficients, the pool was 
reduced to 52 items that examined the following biological areas: protein 
synthesis and enzymes, diffusion and osmosis, respiration, photosynthesis, cells 
and cell division, generiU biok)giciil information, and ecological interactions. An 
alpho reliability coefficient for thisdata was 0,83. Subjects were selected (n=47) 
from a larger new group of students (n=290) enrolled in an introductory college 
level biology course. Tliey completed the exam at the end of the course. The 
sample selected %^as representative of tliat larger group. 

The authors reported g(K>d internal consistency and a reliable composite 
score. Support for concurrent validity with other general measures of critical 
thinking (e.g. Watson-Glaser CriticiU 'Oiinking Appraisjil; Critical Thinking 
Apprmsal) was established iuid additional item analysis indicated the TCTB to be 
consistent with additional psychometric criteria. 

In related rescitfch, Johnstone and Al-Naeme pcx)led correlational studies 
that have exmnined the relationship between working memory space and field- 
dependence on science pcrfonnance at the secondary and tertiary levels. The 
authors exjunine how v^orking, holding, and thinking space may oe related to 
pcrfonnance by inlerring that field-dependence/indei-K^ndence provides an 
indiaition of potential and usable working memory. It was hyjpothesized that a 
student's ability to critically select pertinent information related to performing 
some task (e.g. recording notes on a scientific lecture) would be influenced by the 
extent to which he or she gave attention to "noise" rather than appropriate 
"signjils." Although only a cursory description of subjects and methcxlology is 
provided, this study provides insight into an iwea of problem solving that has 
received little attention in science education. 

Strategies and Methods 

Changing Misconceptions 

Stavy (h) studied the effect of using muilogy tocorrect misconceptionsabout 
the conservation of matter. Two experiments were conducted; the first one 
exiunined the spontimeous triuisferof new knowledge from the learning situation 
to analogical ones, the second one examined an attempt to induce change in 
misconception by imalogy. A tot;il of 1<>2 children from second, third, and forth 
grades was pretested for undersUinding of the inverse function (i.e., ratio) in three 
different contexts. Eighty-two did not successfully complete all three tasks, and 
subsequently bccmne the experimental population. One half of tliis group 
received training in Uie role of water with respect to concentiations of solutions. 
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(The procedure is not fully described in the present article). ResulLs from the first 
part of the experiment shov/ed significant improvement in the experimental 
group overcoming their misconceptions and suggested that analogy can be used 
as a natural means for correcting misconceptions. 

In the second study, 74 students in grades 5 and 6 were given conservation 
of weight tasks; one when icxline was evaporated, and one when acetone was 
evaporated. Because past studies suggested thiU misconceptions about conservation 
when the acetone task was presented first, followed by the iodine, occurred 
because students use preexisting intuitive knowledge, Siavy reversed the order of 
the tasks to teach conservation of weight in the intuitively understood iodine task 
first, followed by the analogical (but misunderstood) acetone task. This strategy 
produced significant results in the performance of the acetone task, suggesting 
that the intuitively understcxxi and perceptually supported iodine task could serve 
an analogical link for prior misconceptions aix^ut the acetone task. 

Banerjee and Power developed three mcxlules for the teaching of chemical 
equilibrium, an area that has been noted for the conceptual difficulties and 
misconceptions it presents to students. The first module examined qualitative 
aspects of chemical equilibrium; the second covered quantitilive aspects of 
gaseous aid ionic equilibria; and the third contained quantitative aspects of 
solubility, acid-base and redox equilibria. However, all the mcxlules had the 
following elements in common: a statement of the content and concepts to be 
developed, an assumption of prior knowledge of students, process and problem- 
solving skills, an outline of probable conceptual difficulties and misconceptions, 
and an outline of teaching strategies. Further detiil of tl^e modules was provided, 
and it should be noted that the leaching strategies enUiiled small group discussions 
each week. The modules were used by a group of 46 college chemistry students, 
all of whom had studied chemistry for three yejirs prior to this study. A pretest- 
posttest without a control group was employed over one semester with the 
dependent variable, achievement, measured by a compilation of items selected 
from standardized sources that stressed knowledge, understanding, application, 
process and problem-solving. In totil, three assessments were obtained over the 
semester. 

Percentages of increase in mean scores showed marked improvement of 
competence in concepts, processc s, applications, and problem-solving areas. The 
data also revealed thiit at the beginning of the course many students held 
misconceptions that were greatly reduced by the end of the study. These 
misconceptions included: (a) hu-ge values of an equilibrium constant suggesting 
quick reactions and (b) an inverse relationship between the temperature of an 
exothermic reaction and the rate of the forwi^d reaction. The authors noted that 
final achievement scores were not very high, and 30% of the students retained 
misconceptions in the albrementioned iU"eas suggesting that this area of study 
remains a challenging one. Unfortunately, statistical tests were not provided by 
the authors, but inspection of tlic pre- to posttest mean scores appears promising. 

Evidence that cxx^perative group work could provide a classroom environment 
that was conducive to facilitating conceptual change strategies was brought to 
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light by Basili and Sanford. The unique aspect of this approach was that small 
cooperative groups could discuss amongst themselves various tasks aimed at 
eliciting their misconceptions. The authors were interested in determining 
whether this approach would result in fewer misconceptions, in observing how 
verbal language patterns during small group interaction was related to conceptual 
change, and in qualitatively assessing what other factors may be related to small 
group dynamics during the process of conceptual change. 

Four intact groups of students enrolled in a general course at a community 
college were used in a pretest posttest control group design, with two classes 
assigned to the treatment group and two assigned to a control group. Pretest 
scores on the dependent variable (a conception test about conservation laws) 
established equivalence between groups . Two instructors each taught a treatment 
group and control group. The treatment group received conventional instruction 
for five class pericxls, and during a sixth class, engaged in small-group discussion 
concerning questions designed to challenge misconceptions. An incentive of 
group bonus points was awarded if every member of a group could achieve a 
predetermined level of competency on an exam. The control group received 
parallel conventional instruction for five class periods and saw a demonstration 
related to the course content for the sixth class. 

Posttests comparisons revealed that the treatment group had a significantly 
lower proportion of misconceptions on laws of conservation than the control 
group. Qualiliitivc c(xling and assessments of transcripts recorded during small 
group discussion suggested that the group tasks facilitated group interaction, 
which promoted conceptu^d change. Additionally, three factors emerged from 
analysis of the transcripts that shed light on group processes as they relate to 
conceptual ch^mge. They included the fact that students exhibited a flawed 
understanding of basic science terms, which served to inhibit fruitful discussion 
and correct concept attainment. They were preoccupied with arriving at answers 
\hii\ matched Ihe text rather than deriving personally satisfying answers. The 
groups that were more truly C(K)perative (i.e. democratically run) were more 
successful than groups Jiat were more autocratically run (a group leader took 
control and made decision without group consent). 

Central to the idea of conccptuid chiinge is the constructivist approach to 
teaching. Some investigators, like Trumpcr, have used the constructivist 
meth(xl to teach various scientiilc concepts. Trumper noted that in a study of 
leaching energy concepts with 35 ninth grade students, the most common 
alternative frmnework held by students wasanthropcxrentric in nature (i.e., energy 
is only associated with humans). The author stressed the need for the teacher to 
act as a diagnostician in eliciting pupils' alternative frameworks, to develop 
strategics to confront these fnuneworks, and to develop evaluation techniques 
Qiat examine the extent of assimilation of concepts taught. Selected instances of 
small group dialogue in which these strategies are invoked are provided. It was 
reported that 80% of the students were ultimately able to use acceptable scientific 
concepts in desaihing numerous energy concepts. 
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Hand and Treagust assessed the ability of a particular curriculum design to 
help students examine their own conceptions of subject matter. The 15-lesson 
curriculum on acids and bases followed a conceptual conflict format and was 
administered to a class of average to below average grade 10 students (n=19) in 
Queensland, Austndia. An equivalent class (n=18) constituted the control group 
(non-constructivist teaching approach). Given that a conceptual conflict model 
was followed, students' conceptions of acids and bases was assessed via semi- 
stmctured interviews and used as the basis for the design of curriculum activities. 
Five misconceptions were identified: "(D an acid is something which eats 
material away; (2) testing of an acid can only be done by trying to eat something 
away; (3) to neutralize is to break down im acid or to change from an acid; (4) a 
base is something which makes up an acid; (5) a strong acid can eat material away 
faster than a weak acid." Students' achievement was assessed with a posttest on 
both content and process following the administration of the unit. The students 
exposed to the constructivist teaching approach scored significantly higher on 
both content and process sections of the assessment instrument. The authors 
cautioned that the noted results may have been confounded by the fact that 
different teachers taught the two sections and that no attempt was made to 
establish equivalence of the two classes. 

Other Studies on Pedagogical Strategies 

Willerman and MacHarg exajnined the use of aconcept map as an advance 
organizer. The working assumptions of advance organizer maps were that they 
should be expressed in tenns that are fmniliar to students where the student is 
required toconstruct interrelationships betv/een major concepts and subconcepts. 
Additionally, advmice organizers are assumed to be advantageous in situations 
where the content is not well orgimized, iind p:irticularly with students of limited 
skills. Because concept mappingorgiinizes knowledge into hieriu-chical structures, 
tiie autiiors hypothesized that students who jire presented with a concept map as 
an advmice organizer at the beginning of a physical science unit will outperform 
those who do not utilize one. 

Forty students from eighth grade physiciil science classes made up the 
expcrimenuil group and 42 students were in the control group. The subjects 
represented a fmrly wide range of raciiJ, sex, and SFS backgrounds. Although 
there was no difference between tlie groups in reading ajid mathematics scores, 
initial differences on content knowledge were not assessed. As an advance 
organizer, the experimentiil group received, prior to instruction, a blank concept 
map with spaces assigned for tlie hierarchical concepts to be presented. It also 
contained arrows showing tlic connections between the concepts. These students 
copied the teacher*s example. The control group was given an introductory 
lesson that included tiie objectives of tlie lesson. The results indicated that the 
experimentiil group significantly outperformed the control group on a teacher- 
constructed achievement test. 



2o 



Research on Teaching • 17 



Linn and Songer investigated the cognitive demands required to foster 
middle school student understanding of thermodynamics. The area of 
thermodynamics was chosen, in part, because it involves numerous observable 
influences and is accessible to students in lab-based settings. A heat flow model 
of thermodynamics was selected because it provided a generative, qualitative, 
concrete way to present a variety of thermodynamics problems to students. The 
Computer as A Lab Partner Curriculum (CLP) was created as a means to 
investigate jM-oblems in this area, which provided real-time data for investigation 
and practice in analyzing the reliability and validity of computer-presented 
information. 

Four physical science classes (about 128 students) participated in the 20- 
week instructional unit of which the CLP curriculum devoted 13 weeks to heat 
energy and temperature activities. Student understanding of thermodynamics 
was measured by the Heat and Temperature Assessment (HTA), which provided 
a qualitative means to ccxle student responses. Both pretests and posttests were 
given for each of four versions (plus a baseline) of the CLP model. 

The first version demonsu'aied that students could readily use and interpret 
real-time data, but that they did not possess an integrated understanding of the 
distinction between heat energy and temperature. The second version used 
multiple representations of concepts, and students were able to use a word- 
processing program to prcxluce joint-partner reports. There was only a small 
increase in students' integration of knowledge. Version three sought to increase 
the cognitive demands by emphasizing prediction and observation to foster 
scientific reasoning and integrated understanding. Students were much mote 
active in this version in terms of actively recording their observations and using 
the results of prior experiments to make predictions about new investigations. 
This version was found io significantly improve students' integration of knowledge. 
The final version (four) more fully integrated the role of observation and 
prediction. Again, significant differences were found when contrasted with 
version three, in students' ability to differentiate heat from temperature. 

Considered together, the findings suggest that the CLP curriculum can 
provide the motivation for students to consUiict their own understanding of 
integrated concepts, which appears to have both depth and robustness. The 
authors also argued that attending to fewer topics in more depth will ultimately 
lead to a more coherent understanding of scientific concepts. 

The use of adjunct questions (in this case, questions used in conjunction with 
science charts) was investigated by Holliday and Benson. This research is a 
subset of work on the selective-attention hypothesis, which explores how 
students' attention can be directed toward particular relevant categories of 
information as they are taught various science topics. Because charts focus 
students' attention on comparunentalized, relevant pieces of information, the 
authors hypothesized that students receiving questions to be considered in 
conjunction with charts would significantly learn more difficult content. 

In this study, 299 predominantly tenth grade biology students in 16 classrooms 
were randomly assigned to four conditions: (a) no orienting directions; (b) test 



23 



18 • Summary of Research in Science Education 1991 



exposure where an achievement test was examined for 60 seconds; (c) question 
emphasis where adjunct questions were presented; and (d) combinational 
conditions (strategies b and c combined). Within each classroom the students 
were randomly assigned to one of four question groups: (a) no question; (b) 
questions focusing on easy content; (c) question on difficult content; and (d) 
combinational (strategies b and c) and questions on chart information). The 
dependent variable was students* achievement on a recognition test of vitamins 
and their characteristics. Space does not permit a more detailed description of the 
experimental ireamients. 

The main hypothesis of this study was supported. Questions adjunct to a 
science chart significantly improved students' performance by focusing their 
attention in a selective manner. This interaction effect was so pervasive that 
content labeled as difficult to learn in the control data became content that was 
easier to learn when focused by adjunct questions. The authors reported 
numerous secondary findings that have important implications for teaching that 
uses these strategies; researchers interested in pursuing this area of investigation 
are encouraged lo read this iirticle in full. 

Comments 

As evidenced from the cited literature, work in the area of the nature of 
science continues to grow. Science educators appear to recognize the importance 
of considering the philosophical underpinnings of science in the context of 
teacher preparation programs. Future research on students' and teachers' 
perceptions of the nature of science and how those views can impact on teaching 
and learning would help extend the current knowledge base in this area. 

It was somewhat surprising to find only five research articles dealing with 
science, technology, and scKicty themes, given that teaching science in a social 
context continues to be a recognized goal in science education. Alternative form s 
of assessment may provide a means to improve instruction in this area. Related 
topics of moral and ethical issues in science and classroom discourse with respect 
to these topics is clearly lacking. While other non-empirical articles offer 
pedagogical arguments for reforming science education towards an STS-based 
cuiTicula (e.g. McFadden; Wraga & Hlehuwitsh), research on various aspects 
of the STS movement and related issues of moral and ethical issues embedded in 
science teaching are clearly lacking. 

Teaching science through informal settings is an area of research that is 
beginning to receive the attention it deserves in the science education literature. 
It offers an alternative approach to conveying science topics, but more systematic 
investigations need to be conducted to ascermi i what factors can make these 
experiences both cognitively and jif fectively rewarding for students. Research is 
also needed to detennine how to better prepare scudents to reap the benefits of 
infonnal settings tlirough complementary teaching methods in the classroom. 
Work on how students construct and transfer knowledge from alternative settings 
to the classroom iuid vice-versa should be encouraged. 
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Surprisingly, only one research study in this section was found in the science 
education literature on the use of technology in the classroom. Although some 
work has been done on the use of technology in the classroom, there apparently 
is very little work published in the science education literature about the use of 
technology in science teaching. Perhaps this lack of research is not truly 
representative of a trend, but just the fact that noi many articles found their way 
into the science education literature this particular year. Research on the use of 
a variety of forms of technology (microcomputers, telecommunications, 
videodiscs, etc.) and how these fonns of technology can enhance curriculum 
design and instruction is certainly warranted. 

The area of reading received a gcxxl deal of attention, while the use of writing 
strategies in science teaching was discussed by only one author. In the area of 
reading, texts were examined for the level of questioning incorporated in text, use 
of inquiry activities, use of major science themes, gender fairness, and selective 
traditions (paradigm effects). These were complemented by several pedagogical 
articles that address the selection and use of reading material in science teaching. 

Critical thinking and problem solving received only minor attention during 
this year. It is not entirely clcijr that researchers and teachers differentiate 
between these terms, nor is the extent to which these issues are addressed in 
schools, courses, or teacher education programs clear. Again, incorporating 
research from other disciplines, as was done in an article by Stewart and Hafner, 
may provide the science education community with the theoretical framework 
necessary to assess how to best integrate such thinking strategies into the 
curriculum and to assess the cognitive prerequisites that may be necessary for the 
effective employment of critical tlu>ughl. 

The area of strategies aiid methcxis included a wide array of articles. There 
was very little information on the integration of science with other scientific 
disciplines (e.g., mathematics), or among other areas of study outside of science 
(e.g., scKial studies). In contrast, there were numerous studies on different 
approaches to treating misconceptions. Of particuhu" interest was the variety of 
instructional approaches used in conjunction with standard conceptual change 
strategies (e.g., cooperative leiuiiing). This work may provide a basis for future 
studies that attempt to ascertain more "acToss the board" or generic teaching 
approaches to treating misconceptions and that deal with uniiyi.H^ diemes in 
science. This latter point reinforces the importance of conside.*..^ alternative 
epistemological mcxiels of theory development and change ,a the scientific 
community. 

Finally, for researchers interested in cToss-paradigm perspectives in the use 
of questioning in the classrcxMn, the reader is referred to another review of the 
literature by Carlsen (a), who cxiimines three features of questions: context, 
content, and responses and reaction by speakers. Studies representing two 
distinct research paradigms (process-prcxiuct research and sociolinguistic 
approaches) arc contrasted, and many of the examples are science-oriented. This 
review is highly recommended to those who desire a robust conceptual framework 
in which to embed their science teaching research on questioning strategies. 
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Cognition and Achievement 



For the purposes of this review^ teachers* cognition and achievement is 
defined as teachers* pedagogical undci standings, their knowledge of content and 
oflhe students they teach» and the mcrgingof these understandings intoclassroom 
practice. Information concerning teachers* understandings of their role in the 
classroom has been included in the section on Teacher Affect and Characteristics. 
Two articles in this section describe teachers* knowledge of students* knowledge. 
The remaining two articles are related to teachers* knowledge of content and the 
influence of reflection on teachers* and students* knowledge of content and 
pedagogy. 

Teachers' Knowledge of Students' Knowledge 

Twenty h igh school physics teachers were interviewed by Berg and Brou wer 
to determine their awareness of student alternate conceptions in the areas of force 
and gravity. The teachers were also asked to indicate preferred teaching strategies 
dealing with alternate conceptions. Teacher predictions of student responses 
were compared to alternate conceptions held by 315 ninth-grade students and 
published findings from oilier research studies. Edmonton students were found 
to possess nearly every alternate conception identified in previous research in 
similar proportions. A few previously undocumented alternative conceptions 
were also identified. At times students were observed to arrive at the currently 
acceptable conclusion by using alternate conceptions. The high school physics 
teachers, as a group, identified nearly all the alternate conceptions, used by the 
students. Individual teachers were generally aware of only a few alternate 
conceptions, however, w ith fully one third of them possessing alternate conceptions 
themselves in one or more of tlie tisks. The teachers were also unable to predict 
wiih any accuracy the different types of student responses or the propc^rtion of 
students chcx)sing each dtemaiive. The teaching strategies outlined by the 
teachers would be considered only piirtially effective according to current 
research fintJings. 

Altiere and Duell conducted a study that examined ( 1 ) students* preferences 
for wait times of 3 seconds versus 0.9 second following a higher-order cognitive 
question, (2) teachers* ability to accurately predict their students* preferences, 
and (3) the reasons both groups of participants gave for their choices. Thirty-five 
middle schcx^l science classes (A^=679 students) watched two versions of a 
videotaped science review lesson. The versions differed only in the length of time 
the teacher paused after questions before she allied on a student to respond. When 
asked which version wouldproduce more learning and when asked which version 
tliey preferred (after being told how the two versions differed), significantly more 
students chose the version with tlie longer wait time. Significantly more teachers 
predicted these choices accurately than inaccurately. Students identified think 
time, time use, teacher helpfulness, and topic ease as reasons for their choices. 
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Teachers' Knowledge of Content and Pedagogy 

Carlsen (h) examined the instructional plans of four beginning teachers as 
they prepared to teach familiar and unfamiliar topics in biology in an attempt to 
determine the effects of teacher subject matter knowledge on high school science 
teaching. Framed on the assumpdon that teachers use discourse strategies that 
vary as a function of their subject matter knowledge, 12-16 lessons were 
audiotaped for each teacher over the course of die school year. Lesson plans for 
the entire year were examined and coded according to topic and instructional 
strategy and widiin-teacher analyses were used to account for differences in 
lesson plan formats. Each of die teachers taught more lessons on high-knowledge 
topics dian on low-knowledge topics. Group work, projects, and student 
presentations were more common activities during low-knowledge units. Lecture, 
recitation, quizzes and tests, and reviews were more commonly employed 
techniques when teaching high-knowledge topics. The use of labs and movies did 
not relate to topic knowledge level. 

A dirce-ycar naturalistic study was conducted by Baird, Fensham, Gunstone 
and White to see whcdicr collaborative rctlection could enhance teaching and 
leamingofsciencebygenemtingdesirable cognitive, metacognitive,andaffeciive 
outcomes. Reflection was both individual and in groups and involved reflection 
on practice in the classr(X)m mid phenomcnological reflection on the nature of 
science teaching and learning. The study had two components. The preservice 
component involved 13 student teachers and teacher educators. The inservice 
component involved 14 novice and experienced science teachers and 350 of dieir 
students. The data collected included interviews, questionnaires, and written 
evaluadons. Findings from die study illuminate aspects of die nature of science 
teaching and learning, prcKCsses by which individujils improve die quality of dieir 
pracdce, and medi(xls for exploring teaching and learning mechanisms and 
facilitadng change. Central to diese findings is die importance of each of die two 
types of rctlection for fostering persoial and professional development For bodi 
teachers and students, both types of reflection acted to improve dieir knowledge, 
awareness, and control of diemselves and dieir classroom practice. 

Comments 

Widi as many aspects of die chLssrcK)m being dependent on die dioughts and 
actions of die teacher, it is amazing how few studies dealt widi diis issue in 199 1, 
especially when compared to the we^ddl of studies reported in the area of student 
cognidon and achievement. The imporuuice of teachers having knowledge about 
dieir students' preferences and misconceptions was added to the literature base 
diis year. Why is diis hiformation importiuit? The simple dcxrumentation of what 
teachers know and do not know is hollow wiOiout furdier exploration of how diis 
knowledge impacts classrcx)m practice. For instance, do teachers widi greater 
knowledge of die variety of student niisconcepdons use diis knowledge to 
improve their teaching? If not, how ciui such improvements be encouraged? 
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Carlsen attempled to make this connection by looking at the relationship 
between teachers' content knowledge and the teaching strategies used in the 
classroom. The results support the persistent call to upgrade teachers' knowledge 
over the course of their careers with the potential result being the incorporation 
of more appropriate teaching strategies in the classroom. Simply requiring 
teachers to take more content courses, however, does not seem to remedy this 
situation . As Carlsen noted, it is difficult to expect any potential teacher to be fully 
versed in ail the content they are expected to teach. Perhaps research should be 
aimed at looking at the effectiveness of systematically spaced inservice programs 
related to content across the course of a science teacher' s career. Such a strategy 
might enhance content knowledge while allowing for the direct application of this 
knowledge direcdy back to the teaching context. 

In many ways, the Baird, Feasham, Gunstone and White article may 
suggest a vehicle in which both teacher and student knowledge can be inaeased 
through the use of reflective techniques. The advantage of reflective techniques 
overinservicecourses is thatthe solutions produced are personally andcontextually 
valid. Time for reflection must be provided in a structured way, however, if 
significant results are to be anticipated. The noted success of reflective strategies 
in increasing teachers' and students' knowledge and awareness of science 
teaching and learning encourages its application to other documented variations 
in teacher and student knowledge. 

Related Dissertations 

Evans. K.D. (1991), An investigation into the problem-solving abilities of 
preservice elementary teachers. Dissertation Abstracts IntemationaU 52(6), 
2094a. 
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concern for environmental quality. Dissertation Abstracts International 52(6), 
2095a. 
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Affect and Characteristics 

Because of their interrelated nature, teacher characteristics and affect were 
combined in this literature review. Teacher characteristics and affect were 
defined in the broadest sense: demographic aspects of teacher peculations and 
teachers' beliefs, perceptions, attitudes, and interests toward and about science 
and science teaching. In organizing these articles, four major categories of 
research emphases were derived: attitudes toward science teaching, attitudes 
toward science teaching techniques, teacher beliefs and their effect on teaching 
behaviors (including teachers' conceptions of their role in the classroom), and 
teacher characteristics and teaching contexts. 

Teachers' Attitudes Toward Teaching Science 

In an attempt to better understxmd the background characteristics, perceptions 
of content taught, and inservice needs of elementary teachers in the areas of 
mathematics and science, Berenson, Hodgin, Ward, Andrews and Rudin 
designed a 60-item Needs Assessment of North Carolina Elementary Teachers. 
Twelve hundred surveys were sent to principals across the star *i with 964 teachers 
returning completed forms. Results were reported in terms of teacher background, 
education, perceptions, materials use, and inservice courses. Of the four core 
subjects taught, teacher preferences for teaching conient were (from most 
preferred to least) language arts, mathematics, social studies ^d science. Perceived 
levels of qualification to teach these subjects followed identical patterns. More 
elementary teachers requested additional inservice courses in science than in 
mathematics. Improvising laboratory equipment was a topic of specific need and 
interest. Implications for inservice programs for teachers are discussed by the 
authors. 

Atwater, Gardner, and Kight administered two instruments in order to 
determine the unique needs and some of the attitudes and beliefs of urban primary 
school teachers (K-3) toward physical science and physical science teaching. The 
sample consisted of 16 elementiu-y teachers from five urban elementary schools 
in the southeast who agreed to participate in a two week summer science institute 
and school year enrichment series. Fifteen of these female teachers were African 
Americans, one was White. The results of the study indicated that these 
elemenuiry teiichers realized the importance of hands-on activities. They felt, 
however, a need for a su-onger knowledge of chemisu-y and physics to competently 
teach elementary physical science using that instructional su-ategy. There were 
significant positive relationships between theu- attitudesandbeliefs about physical 
science. 

Teachers' Attitudes Toward Science Teaching Techniques 

In response to mandiites by tlie Texas legislature that 40% of all science 
teaching time in grades 7-12 be allcKated to laboratory instruction, James 
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surveyed 290 teachers about their concerns about the 40% lab time mandate prior 
to implementation and surveyed an additional 272 teachers at the end of flie first 
year of implementation. Findings suggest that a large portion of the population 
felt negative about the 40% lab time nile. Few changes in personal and 
informational concerns occurred over the course of the year of implementation. 
The authors suggest that personal concerns related to innovations in classroom 
practice must be addressed though personal approaches if instructional changes 
are to be expected. 

Science textbooks aredominant influences behind most secondary instruction 
but little is known about teachers' approach to science reading. Yore conducted 
a naturalistic study to develop and validate a Science and Reading Questionnaire 
(SRQ) to assess secondary science teachers' attitudes toward science reading (12 
items) and their beliefs or informed opinions about science reading (13 items). 
The survey results of 21 5 British Columbia secondary science teachers indicated 
that teachers place a high value on reading as an important strategy to promote 
learning in science and that they generally accept responsibility for teaching 
content reading skills to science students. Most science teachers generally reject 
the text-driven model of reading, but they usually do not have well-formulated 
alternative models to guide their teaching practices. Teachers have intuitive 
beliefs about science reading that partially agree with many research findings, but 
their beliefs are fragmented and particularly sketchy in regard to the cognitive and 
metacognitive skills required by readers to learn from science texts. The findings 
for attitude, belief, and total skills were substantiated by further questions in the 
SRQ regarding classrcxMn practice and by individual interviews and classroom 
observations of a 15-teacher subsainple of the questionnaire respondents. 

Teachers^ Beliefs and Teaching Behaviors 

Lederman and Gess-Newsome qualitatively studied the transfer of concerns, 
perceptions, and skills developed by 17 secondary preservice science teachers 
during microteaching and followed a random sample of six of these teachers into 
student teaching. Open-ended questionnaires designed to assess concerns, 
perceptions of teaching, and instructional decisions were completed periodically 
tliroughout the microteaching and student teaching experience. Analysis yielded 
a list of 17 concerns grouped into ^'Concerns for Self and **Concems for 
Students." Concerns and perceptions developed during microteaching persisted 
throughout student teaching. During microteaching, planning was viewed as a 
systematic process beginning with objectives and concluding with a mental 
rehearsal, while during student teaching it was reduced to a hasty search for 
"teaching tricks'* that quickly conveyed subject matter. Comparative data 
aimlysis indicated Uiat \hc much publicized developmental shift in preservice 
teachers' concerns from self to students is more likely an artifact of inherent 
differences between campus-based and field-based tciiching situations than an 
indicator of professional development. 



26 • Summary of Research in Science Education 1991 



Research has indicated that most science classrocms are not intellectually 
demanding and place little emphasis on small-group discussions and laboratory 
activities. However, successfulscience programs and competentscience teaching 
that can provide models for other science teachers do exist. Treagust sought to 
docimient the teaching practices of two exemplary biology teachers of grades 1 1 
and 12bymeansof an interpretive research methodology. A total of 54 classroom 
observations was conducted over a six-week period. Both teachers had a 
thorough and comprehensive knowledge of the content they were to teach and had 
a range of teaching strategies that could be used without a great deal of thought. 
Their expectations for student pcrfonnance were high, consistent, and firm. 
Students were expected to complete a high level of academic woric in discussions, 
problem work, and laboratory activities, and were encouraged to take responsibility 
for their own learning. A distinctive feature of these biology classes was the high 
level of managerial efficiency, where lessons were busy occasions for both 
teacher and students; students had little opportunity for off-task behavior. Both 
teachers actively monitored the Ijchavior of bc^th high- and low-ability students 
by moving around the rcK)m and speiiking with individuals, while still maintaining 
control of the entire class . B y manipulating questioning and the social environment, 
both teachers encouraged student input by referring to it, helped students to 
effectively use their time, and gave marks for completion of set work. Compared 
to research with less-successful teachers, these teaching behaviors contributed to 
exemplary practice. 

Barrow states that embedded within images are beliefs, and the values 
associated with beliefs about teacher's roles often determine what is done in a 
specific context. This study lcK)ked at how one teacher conceptualized her role 
while implementing an elemcntJiry sch(K)l science cuiriculum. Data collection 
involved teacher interviews, classrcK)m observations, and weekly meetings. Two 
key assertions were made about elementary teachers: time limitations often 
constrain a teacher* s ability to reflect on classrmm teaching and practices, and the 
curriculum is often seen as a set of separate and discTCte subjects to be taught 
rather than as an integrated whole. The underlying values asscxriatcd with 
particular beliefs the teacher held about the teaching and learning of reading and 
how those beliefs changed when she personalized and constructed new visions of 
her role as teacher through criticiii reflection were delineated. That reflection led 
to a Wonderful Teaching Idea about how manipulative and observational science 
activities may bind traditionally discrete subject matter into a single experience, 
challenge traditional teaching methods, iuid bring old beliefs about teaching and 
thecurriculumintoquestion, thereby effectively integratingscience and language 
teaching. 

In a case study of Brad, a chemistry teacher who participated as a co- 
rescarcher in investigating the process of chimge, Briscoe describes the teacher's 
conceptualizations of his roles, tlie beliefs that supp<^rted the conceptualizations, 
and the constndnts tochaiige that exist in llie Uager s(x:ial context of schools. Data 
collection consisted of weekly interviews over a 12-month pericxl, field notes 
from bi-weekly classrmm observations, juid chLssrcK)ni d(x:uinents. Brad\s 



Research on Teaching • 27 



metaphors for his role in the classroom and the role of classroom management and 
assessment were in contradiction to his classroom practices. The initial metaphors 
were supported by a set of beliefs that pertained to the expectations that students, 
other teachers, and administrators held regarding classroom practices. Reflection 
allowed Brad to see how his metaphors constrained him from changing his 
practice and from envisioning changes that were more consistent with a 
construclivist epistemology. The author concluded that metaphors are an 
important source of knowledge that teachers use in constructing role:; for 
themselves and that changes in belief systems fostered through reflection are 
needed in order to change the metaphors held. 

The influence of teacher beliefs on curriculum implementation was explored 
by Cronin-Jones in two different contexts. Two middle-level teachers 
implemented a 20-lesson life science curriculum package in the presence of 
participant observers. The teachers were selected to represent two predominant 
types of middle schcwl teachers: teachers primarily educated as secondary subject 
area teachers and teachers primarily educated as broad-field elementary teachers. 
Data sources, which included field notes and interview transcripts, were analyzed 
in a constant comparative format. Case studies of the belief structures of each 
teacher were then prepiired. In both cases, four major categories of beliefs 
appeared to influence curriculum implementation: beliefs about (1 ) how students 
learn, (2) a teacher's role in the classrcxm, (3) the ability levels of students in a 
particular age group, and (4) the relative importance of content topics. Both 
teachers believed that the most important student outcome is factual knowledge, 
thiit middle-grade students learn through repeated drill and practice, and that 
middle sch(X)l students require a great deal of direx:tion. The teachers' beliefs 
differed concerning a teacher's role in the classr(X)m and beliefs regarding the 
curriculum and its content topics. Although certain components of both teachers' 
belief structures enhanced the success of curriculum implementation, their 
existing belief structures were incongruent with the underiying philosophy of the 
intended curriculum, thus h:unpering successful implementation. 

Characteristics of Teaching and Teaching Contexts 

In an attempt to furtlier ckirify the pressures on biology teachers to teach 
evolution from both scientific and creationist perspectives, Zimmerman 
conducted a survey of 336 schcx)! bojird presidents throughout the state of Ohio 
to elicit their views on the role of CTcationist versus scientific explanations of 
evolution in science classr(X)ms. Fifty-two percent of the respondents felt that 
**crealion. science" should be taught in the pubUc schools, though 67% felt that 
evoluUon should also be taught. While sch(X)l boi\xil presidents had a fairly 
accurate view of what was being Uiught in their kKal school, the questionnaire 
demonstrated a prevalent misunderstanding of evolution by these leaders. 
Specifically, over 4i)% fell that "creation science" could be taught without 
bringing religion into liie classrcxMn. Tlie number of schcx^l board presidents who 
would tiike an interventionist role on tJiis issue was, however, quite small. 
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Orgren and Pawlewski note that though some reports have been interpreted 
as indicating future shortages of science teachers; others report that only 63% of 
the teachers seeking employment in 1987-88 were hired. To determine whether 
science teacher shortages are a reality, 265 Empire State Scholarship/Fellowship 
participants returned surveys concerning their field of science preparation, their 
employmentexperience, and theiropinions relative to teaching and the scholarship 
program. Among the 64% of the respondents who had found full-time employment 
in science leaching, 33% added spontimeous comments about the difficulty they 
had finding jobs. Job availability was tiie highest for physics teachers (96%), 
followed by earth science (16%), biology (37%), and chemistry (29%), The 
authors suggest that such statistics be used to justify a decrease in the number of 
science teachers prepared with a concurrent increase in the quality of their 
preparation. 

Comments 

When examining teachers' beliefs iuid attitudes toward teaching science, 
several themes reoccur. First, teachers who are uncomfortable with the teaching 
of science or the use of specific teaching techniques often site a lack of appropriate 
background knowledge — either in the content, rationale behind the teaching 
strategy, or alternative methcxlologies — as the causative agent. The remedy to 
such a situation seems to be incTcased access to tlie necessary information and 
skills, though the manner is which this is handled must be personalized to both 
the teacher and the context. When science content knowledge h considered more 
carefully, teachers often realize that their undersuindings are fragmented and 
factually rather than conceptuidly based. Inservice methods must tike such 
background knowledge and reticent feelings into account by utilizing strategies 
that recognize liiat teachers are also students in certain contexts and must be 
approached using the same constructivist teaching techniques advocated for 
younger learners. 

Second, "gcxxl" teaching, at least in tenns of how teachers practice their craft, 
seems to be defined by generic pediigogiciil practices: ciassrcx)m management, 
beliefs in teacher role, students' ability and leiirning methods, and teachers' 
expectations of students. Although content knowledge, or the lack thereof, has 
been mentioned as a factor affecting teachers' preference in teaching content, the 
ability to handle the general aspects of the chLssr(X)m seems to take precedence 
over content concerns. It may be that these generic concerns need to be addressed 
and reinforced more carefully in content-related classes in order to properly 
prepare and further the development of teachers at all levels of experience. In 
addition, the definition of the role of content knowledge and the level of content 
knowledge that is essential for "gcxxl" science teaching may need to be examined 
more carefully. What does it mam to have "adequate" content knowledge? Is 
factual knowledge the siune as knowledge of the larger picture of science and the 
inherent relationships that exist? I low can and should content knowledge merge 
with pedagogical skills to create an appropriate portrait of an exemplary science 
teacher? 
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Finally, reflection seems to be a luxury for most preservice and inservice 
teachers. Based upon the overwhelming complexity of the classroom, few 
teachers have the opportunity to rellcct on tlieir knowledge of content or 
pedagogy or to evaluate their teaching methods in terms of these beliefs. The lack 
of such opportunities seems to create teaching behaviors based primarily on 
outside influences (students, administrators, and textbooks), to encourage the 
adoption of survival strategies (the *'bag of tricks" approach) rather than thoughtful 
practice, and to limit professional growth. When opportunities for reflection do 
exist, most teachers seem to recognize the dissonance between their beliefs and 
practices ar J are put in a position to positively activate change. 

The three mentioned themes — knowledge, pedagogical skill and reflection — 
seem to provide bo\h a challenge and a goal for programs designed for teachers. 
The delineation of these aspects of teacher alTect provides fertile ground for the 
future developn nt of preservice and inservice teacher education programs as 
well as n»*ovide«j .venues for future research. Research which evaluates specific 
melhG s for increasing teacher knowledge and skills as well as provisions for 
reflc-':t:v)n should be welcome results to be utilized in the planning of teacher 
/irepanition programs. 
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Science Teacher Education 

Research that dealt with the preparation of inservice and preservice teachers 
is included in this section. Specifically, articles relating information concerning 
the status of elementary science teacher education programs, preservice science 
teacher preparation, and research concerning inservice and professional 
development were included. Despite the fact that there is a journal devoted to the 
topic of science teacher education, few of the articles from the year 1991 could 
be considered empirical research. When applicable, some of the articles that 
describe strategies for the preservice and inservice preparation of teachers were 
included. This inclusion is only to provide an indication of the types of articles 
that are being produced in this field, however, and is not intended to be a 
comprehensive listing. 

The Status of Elementary Science Teacher Education 

Three studies in this review l(X)ked at the requirements for elementary 
teacher preparation and certification in relation to science. Tolman and CampbeU 
designed a survey to determine the current science preparation requirements of 
preservice elementary teachers in the United States in light of the standards 
suggested by the NationalScience Teachers Associationin 1983. Central to these 
recommendations was the need for elementary science teachers to take courses 
in both science content and process and to have opportunities to develop positive 
attitudes towards science and science instruction. Results were returned from 239 
public and private institutions that graduate 75 or more education majors per year 
at the bachelor degree level. Less tlian one third of the institutions surveyed 
reported compliance with the standards t or content preparation. Only 20% claim 
to have science courses specifically designed for preservice elementary teachers. 
Nearly 75% provide science meth(xls courses with a large majority of those 
courses requiring a practicuum. 

Recognizing the significant role imd importance of science teacher preparation 
in small four-year colleges. Yager and Byl>ee elected to assess the status of these 
programs and the changes that have (Kcurred during the last 25 years. A survey 
was sent out to the 301 four-year member colleges of the American Association 
of Colleges of Teacher Education. After extended effort, a 25% response rate was 
achieved, resulting in tlie authors' recommendation of cautious interpretation of 
the results. Changes in science teacher education programs in these institutions 
are similar to those occurring in larger institution, though less pronounced. The 
authors attribute this difference to the fact that smaller institutions are more 
isolated from changes dictated by guidelines from professional societies, research, 
and funding agencies. The inacase in science requirements, instruction in the 
history/philosophy of science, science methods, early experience in schools, 
student teaching, and totiil prolessioniU requirements in education reflect trends 
similar to those noted in teacher education institutions of all sizes. Changes in 
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elementary education with respect to science are very small except for the 
increased requirement of a science mcth(xis class. 

Barrow compared preservice elementary science programs of two geographic 
regions— Big Eight States and New England. Survey data were collected from 
1 32 teacher education institutions about the types and amount of science content 
and elementary science methcxis courses, program emphasis in science content, 
emphasis on science prcKesses and methods, variety and use of science leaching 
techniques, effectiveness of science preparation, and the general quality of the 
preparation of elementary science teachers. Differences in the requirements for 
preparing elementary science teachers were found between the two regions. Big 
Eight institutions required more content science hours and greater use of 
laboratories in science courses. Almost all institutions failed to meet the NSTA 
guidelines for content preparation. 

Preservice Teacher Preparation 

The differences mnong three elemenuiry schcwl science preservice teacher 
preparation course sequences with respect to three variables, understanding the 
nature of science, attitudes towiird science, and attitudes toward science teaching 
were examined by Harty, Samuel and Andersen. In addition, this study also 
sought to ascertain whether correlations were present among these variables with 
each of the three course sequences. The Science Process-Content/Methods-Field 
Sequence consisted of a physical science course on science process skills and was 
designed to help preservice teachers prepjire for the science courses to be taken 
in subsequent terms. Science teaching methods were covered in three one-hour 
sequential, highly coordinated and structured courses that were taught concurrently 
with co-requisite science courses specifically designed for elementary teachers in 
biology, physical science and geology/astronomy. The content gained in each of 
these pairs of courses (content and methods) was applied to planning and teaching 
small groups of students during bi-weekly field experiences over the three 
semesters. Because of this content/methods arrangement, the methods courses 
taught were more content/subj ect matter oriented thiin those in the other sequences. 
The Science Process-Methcxis Sequence included a prcKcss skills course (the 
same as the first group) and a single three-hour science methods course consisting 
of a lecture and two-hour lab')ratory per week that focused on ways to implement 
a prcKcss-discovery teaching approach. The science content vehicle for this 
course was a combination of tlie contents t£iken by the first group. The students 
in tliis section did not participate in a concurrent field experience. The Method:; 
Sequence consisted of a single three-hour methcxis course similar to that for the 
second group. No field component was offered to Uiis group, and they did not 
receive the science prcKCss skills class provided to the other two groups. Teachers 
completing the Science PrcKess-Methods Sequence and Methcxis Sequence 
groups possessed a significantly grcaier understanding of the nature of science 
than teachers in the Science Process-Content/Methcxls-Field Sequence group. 
This finding would lead one to believe Uiat the decreased emphasis on content 
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contributed to a greater f(Kus on prcKess skills and the nature of science. No 
significant differences were found among the three groups with respect to either 
attitudes toward science or attitudes toward science teaching. No significant 
correlations were found between understanding the nature of science andattitudes 
toward science or attitudes toward science leaching within each of the two groups. 
S ignificant correlations were found between attitudes toward science and attitudes 
toward science teaching for all three groups. 

Trumbull and Slack report the pedagogical realizations developed by 
preservice biology teachers after extensive woric in a course that aims to inaease 
students' abilities to reflect on their own pedagogical understandings. Based on 
the assumption that successful science students are not always sensitive to the 
perspectives held by learners who have not been '^socialized by success in 
science," these teacher candidates designed, conducted, and analyzed Interviews 
about Instances in order to elicit students' ways of thinking about and making 
sense of a particular phenomenon. An mialysis of the work (interviews, journals, 
and portfolios) completed by five female juniors majoring in biology was 
described. Several key findings were discussed: the difficulty preservice teachers 
have in asking authentic questions, the realization by teacher candidates of the 
multiple perspectives that students hold on a aingle concept, the recognition of the 
existing compartmenuUiziition of schcwl learning from everyday life, and the low 
content background of fellow teachers. The authors also present a description of 
what the course instructors learned and discuss some of the problems and 
dilemmas encountered in teiiching this course, 

Ins<!rvice and Professional Development 

Based upon the common complaint by teachers of insufficient opportunities 
for professional development, Herr sought to determine which of the formats for 
advanced science instruction. Advanced Placement (AP) or **honors," is more 
effective at fostering communication between educators at secondary and higher 
education levels thereby stimulating their professional development. Nineteen 
teachers experienced in teaching AP biology, honors biology or both were 
interviewed regarding Qie teachers' perspectives of the influence of program 
format on tlieir professional growth. Questionnaires based on these interviews 
were later returned by 155 biology teachers who had experience teaching both 
formats. Teachers experienced in bo\h courses believed that the AP format more 
effectively fostered professional communication and development. Some of this 
difference was attributed to the offering of workshops on teaching AP biology by 
the College Boards. AP teachers cited the need for intellectual stimulation more 
often than honors teachers, read more professional journals, and dedicated more 
time to improving their content background and preparing for classroom 
presentations. 

Contahle and Long conducted a two-year evaluation of a two-day short 
course on teaching science. In particular, the relationship of the course, which 
presented infonnation on constructivist teaching perspectives and practices, to 



34 • Summary of Research in Science Education 1991 



change in classroom practice was examined. An important mediating factor of 
teaching in line with the principles proposed by the workshop appeared to be the 
process of getting a critical grasp of the ideas involved in constructivism. 
Teachers' existing knowledge was defined as an important factor in the way that 
new ideas were examined. It was suggested that apparently familiar ideas do not 
get the attention needed for the fine-grained discrimination necessary for acritical 
understanding to be developed. It was suggested that fidelity to a teaching 
philosophy and demonstrations which translate that philosophy into action may 
provide a mechanism by which teachers may enhance their critical grasp of the 
teaching apprcxich pa>posed to ihcm. 

McNay distinguishes between the "scientists' science," instruction focusing 
on content knowledge that is typical of the teaching traditionally advocated in the 
upper elementary grades and in secondary classrcx)ms, and "children's science," 
instruction focused on children' s experiences of natural phenomenon and the way 
they make sense of those experiences. Eight elementary teachers agreed to read 
original research on children's science conceptions, write reaction papeis, and 
discuss the readings in a group setting eight times over the course of the school 
year. The f(Kus of the project was to have teachers identify the significance, if 
any, of this line of research to their classrcxim practice. The teachers were 
surprised by the results of the rcscjirch they read and expressed the desire to learn 
more and to change their teaching practice in ways that will sensitize them to their 
students' incoming science conceptions. 

Comments 

In 1991, many policy papers addressed how science education should be 
improved. Central to many of these ^irguments is the imporumt role that science 
teachers play in the proposed reform of science education. Kyle, Lynn, Bitner, 
Mitchener and Perry recommended how research should increase our 
understandings of science teaching and learning: research should be acollaborati ve 
endeavor; teachers should be action-researchers; research must be close to the 
classroom; an investigative scKiety should be CTcated; and research should inform 
policy. Note that almost all activities mentioned include the direct involvement 
of teachers, with the logical implication being the need for teacher education 
programs to find ways to bridge the gap between theory and practice and to draw 
teachers into a more research oriented role within the profession. When one 
examines the research conducted, however, a very different picture emerges. 
Relatively few studies are conducted on the effectiveness of various programs to 
prepare teachers for the complex role they are to participate in or in ways to 
transfer research activities and findings from university contexts to those of the 
public schcx)ls. It seems much easier to create policy and to delineate the current 
suitus of programs than it is to actually alTect change in teacher education in a 
systematic and research-based manner. Unfortunately, the creation of policy 
without concomitant action only furlliers the rift between research and practice 
by raising expcct^itions without offering memis to accomplish them. 
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Several strategies that have the potentiiil to positively affect teacher preparation 
and development have been conducted and reviewed in this issue. Of key 
imp(^rtance is the potentially powerful influence of teaching teachers in a 
constructivist manner. Often it seems that the attention paid to student learning 
falls short of its natural implications for learning for teachers. The Contable and 
Long article is a reminder of the impc^rtance of fidelity to a leaching approach and 
its faithful demonstration to teachers if learning outcomes related to the teaching 
philosophy are to be expected. Such statements should remind all teacher 
educators of the need to carefully examine personal philosophies and the ability 
to put beliefs about teaching into practice for students to see. Articulation of 
beliefs seems to be amuch less powerl'ul strategy for changing leaching philosophies 
than does the observation of these beliefs in practice. 

The research abstracted also outlines various strategies that allow inservice 
and preservice teachers to exiimine and ch<inge their practice. Two methods of 
introducing teachers to the importance of student misconceptions were offered: 
reading the research, and interviewing students about their misconceptions and 
analyzing the results they obtained. The article by Harty, Samuel and Andersen 
was particuhirly useful for identifying how changes in the sequence of methods/ 
content/process classes seem to influence the types of beliefs that students have 
about science. The fact chat students leave content/methods course combinations 
with a less developed sense of the discovery approach to science teaching and an 
understanding of the nature of science should stimulate reflection on preservice 
teachers' incoming beliefs and the teaching strategies and methods they are 
exposed to at the post-second:u"y level. Is the difference in their outgoing beliefs 
and understandings a result of a disproportionate emphasis on discovery in one 
course sequence, and content in the other? Is it not possible to adequately teach 
content and prcx:ess simultaneously, or is the learning of these contents in tandem 
too difficult for the typical elementiU"y major? If this is so, how can we expect 
elementary and secondary students to properly attend to and learn both? Are the 
teaching strategies used in university settings fcKusing on the integration of 
prcKCss and content? Answers to questions of lliis nature may help us more 
appropriately develop preservice and inservice progranis. 

Finally, the lack of empirical reseiirch on science teacher education is 
disturbin^j. !Iowever, sevend articles that dcscTibe personally effective leaching 
techniques have been published. Among these include an article by Evaas on 
how to use science education journals in methods classes; Johnson, Laughran, 
Tamppari and Thomas on how to set up a resource file; Tobin, Davis, Shaw 
and Jakuhowski on how to design a pragriun that uses a constructivist 
epistemology; and Johnson on how to get students to eviduate amethcxls course 
and tlius synthesize the content. All of these articles seem to provide strategies 
that are wortliy of empiriciil testing in order to determine llieir effectiveness as 
alternate meihcxls of achieving various student outcomes. The science education 
community often decries the under-utiliz:ition of the knowledge gained through 
research on science teaching iuid learning in the public schcx)l classrcxMn. Is the 
same true for the university chLssrcH)m? Maybe it is time for us to reexamine 
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university teaching practices and detcnnine if we, as science educators, are 
following our own advice iuid using research to inform practice, and conduct 
research that will inform practice. 
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Empirical studies within this category fcxrus on the student as the primary 
unit of analysis. Consequently, altliough some of the investigations that follow 
may address questions related to teacher behaviors and actions, such emphases 
are clearly secondary to student outcome variables. 

Curriculum and Instruction 

The student outcomes fcKused upi)n in th, s grouping of research reports are 
primarily related to global curriculum themes (e.g., scientific literacy, prcxress 
skills) and/or instructional approiichcs (e.g., technology integration, museum 
exhibits, learning in small groups). Although many of the reports relate to 
teaching approaches, they have been placed in the Research on Learning section 
as a consequence of the primary emphasis on student learning. 

Process Skills and Reasoning 

Flick fcx:used on the ability of analogical comparisons and explanations to 
foster students' understanding of science concepts and preference for causal 
explanations when describing changes in states of matter, llie sample consisted 
of 24 volunteer students (eight each from grades 3, 4, and 5) from a high ability 
student population. Instruction centered iiround the use of a sugar-cube analogy 
to conceptualize changes of stale in water as resulting from the action of particles. 
Instruction ktstcd 30 minutes aday for two weeks. Students' preference for causal 
explanations was measured with a pre and posttest administration of a Concept 
Preference Inventory. After instruction, students were asked to complete a two 
part worksheet. The first part reestiiblished tlie analogical context of grinding 
sugar and the second piirt asked students to identify similarities between grinding 
sugar into a powder and blowing it away and ice melting to a liquid and then 
evaporating. 

The Concept Preference Inventory indicated a shift away from the concept 
of transmutation and, in gencnd, students exhibited a shift to more causally 
oriented expressions of st;ite uansitions in water using language that suggested 
concrete images and mechanisms. It was concluded that explicitly highlighting 




38 • Summary of Research in Science Education 1991 



the selection and application of analogies results in students using language that 
has operational connections in the ir own experience but is usef u 1 for exploring the 
concept targeted by instruction. 

Gilbert developed an alternative defmition of science (i.e., a process of 
constructing predictive conceptual mcxiels) and attempted to show its usefulness 
relative to definitions of science currently in use. A sample of 687 undergraduate 
students enrolled in their first university science course (i.e., introductory 
biology) were administered two sets of six statements adapted from the VOSTS 
and NSKS instruments. These statements were designed to assess the students' 
understanding of the nature of sc ience and research, and the nature of models and 
model building. On the first diiy of class, each student was asked to agree or 
disagree with one of the suitemenis and provide a reason for the response 
provided. A total of 42 to 67 respi>nses were collected for each of the 12 
statements with each student only responding to one statement. Students 
responses concerning the nature of science were compared with expressed views 
about model building. The results indicated that students disagreed with the idea 
that scientific knowledge is artificial and does not show nature as it is. On the 
other hand, amajoriiy of students agreed that a model is an artificial representation. 
Students tended to agree that both scientific knowledge and models can and will 
contain error. Although most of the students believed that the laws, theories, and 
concepts of different disciplines interact, they did not agree with the notion that 
models produced by different disciplines interact. Interestingly, although a large 
majority of students (79%) believed that there is no single scientific method, only 
37% believed that there are a variety of acceptable approaches for creating 
models. 

In another investigation of students* thoughtprocesses, Ingham andGilbert 
interviewed 45 chemistry students (ranging from first year undergraduate to post- 
graduate research level) in the United Kingdom. Using a collection of analogue 
model chemistry construction kits as the primary prop, participants were 
interviewed with respect to use of such models in their sea^ndary schools, 
perceived uses of the models, imd the relation of analogue mcxiels, and modeling 
in general, to chemicid reactions Juid the corresponding projection of a reaction 
mechanism. Only six of tlie students had personally used models in secondary 
school, while 23 remembered ihem being used by teachers to demonstrate certain 
principles. Most students viewed llie usefulness of models as enabling them to 
concretely represent abstract ideas as opposed to having internalized the concept 
of modeling. In generid, the uses of models noted by the subjects in interviews 
were not related to the values typically ascribed to models by practicing chemists. 

The basic ontology present in the common-sense reasoning of 38 Brazilian 
sccond^u7 students was explored by Mariani and Ogborn. The concepts of 
matter, energy, time, space, movement, heat, light, sound, and force served as 
focal points for a questionniiire that used Piaget*s structuralist and constructivist 
view of reality construction as a theoreticJil friunework. The ontological features 
assessed for the selected scientific concepts were: What it is like. What it can do. 
What can be done to it, You ciui treat it as, and You can use it to. Analysis of the 
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data showed thai the students' responses could be interpreted as lying within a 
four dimensional "ontological space" consisting of: static-dynamic, place-like- 
localized within a place, discTCte-conlinuous, and cause-motion (effect). The 
authors then analyzed the ontological location of each of the nine concepts 
investigated and viewed the results using Piaget's psychogenic and sociogenic 
perspectives. The results primarily conformed to the psychogenic perspective 
indicating that the world (as seen by the sampled students) is understood as 
consUtuted of objects, which are real and have some permanence, and to which 
one can effect changes by exercising actions, within a spacio-temporal framework. 

How students approach and actually think about experiments performed in 
their science classes is becoming an emerging area of interest. Schauble, 
Klopfer, and Raghavan investigated the hypothesis that when children engage 
in science experiments that fcKus on causes and effects they often use the 
engineering m(xlel of experimentation, which is characterized by manipulation 
of variables to produce a desired outcome. The sample consisted of nine females 
and seven males, which were representative of the four 5th and 6th-grade 
classrooms in a middle class suburban intermediate school. Each student was 
asked to work on two experimentation Uisks, one mirrored the engineering model 
and the other adhered to the science mcxlel. The two tasks were derived from 
hydrodynjimics and hydrostatics. The contexts, iiowever, of task presentation 
were varied so that half the students worked on each task in an engineering context 
(purposeful generation of effects) and half worked within a science context 
(oriented toward understanding relationships). Each subject worked approximately 
two hours on each task (in 40-minuie sessions) on an individual basis with one of 
two reseiuchers. After extensive analysis of students' approaches to the 
experimental tasks, it was noted that, in general, the group of students exhibited 
statistically significant incTcases in the percentages of inferences about variables 
that were both correct and valid. However, greater gains were noted for those 
students who began with the engineering problem. B y carefully manipulating the 
engineering versus science context of the tasks", it became evident that students 
may perceive activities from a personiUly biased perspective, one oriented toward 
thinking the purpose of the task is to generate interesting or desirable outcomes. 
This pariicuUir mcxlel of experimentation may influence students to overlook the 
possibility that undesirable or unfavorable results can also produce useful 
information and impede the development of strategies of scientific reasoning that 
can be useful in some situations. In short, the results clearly indicated the 
importance of considering the students' perception of the purpose of the experiment 
in addition to the actual subject matter content of the experiment. 

Song and Black investigated the perfonnance of two different science 
process skills (i.e., interpretation iuid application) in different contexts (i.e., 
everyday and scientific). A total of 228 students were selected from two middle 
schcx^ls and two higli schcx)ls in Seoul, Korea. Data were collected using a pajier 
and pencil instrument consisting of quesiicms derived from the Assessment of 
Perfonnjuice Unit as well as questions designed by the authors. Questions related 
to interpretation reqiurcd students to recognize/identify patterns in a given 
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situation and then mjike a prediction based on the identified pattern or regularity. 
Interpretation questions did not require students to use scientific concepts or 
knowledge. Altemalively, application questions required respondents to use 
their knowledge of physics concepts in making predictions and then to justify 
their predictions. A total of 14 questions, of equivalent cognitive demand, were 
asked for each process skill (i.e., seven with an everyday context and seven within 
a scientific context). 

Although there were no differences in the overall mean performance for the 
two contexts, there were noted interactions between process skill performance 
and context. For interpretation, students performed significantly better within 
everyday contexts while application skills were performed at a higher level in 
scientific contexts. The researchers inferred from the results that interpretation 
skills may be used primarily in everyday life situations while application 
processes may be used primarily in schcx)l situations. 

The anthropomorphic and teleological reasoning of high school students was 
investigated in a descriptive study by Tamir and Zohar. Twenty-eight randomly 
selected students (12 in grade 12, and 16 in grade 10), from the academic track 
of a comprehensive school in Jerusalem, comprised the sample. Each student 
participated in a semi-structured interview that focused on the following issues: 
(1) acceptance of leleological/anthropomorphic/causal formulations, (2) 
anthropomorphic reasoning in relation to plants, (3) anthropomorphic reasoning 
in relation to animals, (4) ability to distinguish between teleological and causal 
explanations, (5) teleological re^isoning in relation to evolution. The data 
indicated that the majority of students saw nothing wrong with the anthropomorphic 
formulations included in science textb(X)ks. Most of the students were able, 
however, to distinguish anthropomorphic fonnulations from factual explanations 
and fell that use of such kinguage actually assisted in making concepts and 
processes more comprehensible. Interestingly, most students did not attribute 
human purposeful behavior to plants, while most attributed at least some human 
behaviors to animals. Furthermore, the majority of students exhibited partially 
teleological reasoning when presented with conflicting situations containing both 
teleological and causal reasons. Finally, 71% of the grade 10 students and 56% 
of those in grade 12 exhibited teleological reasoning with respect to evolution. 

Problem Solving 

Bowen and Bodner used interview and "think aloud" techniques to analyze 
(he problem solving prcKcsses of 10 students in a graduate course in organic 
synthesis. A variety of txisks that fcKused on specific phases of problem solving 
(i.e., preparation, production, and evaluation) were developed. After becoming 
familiar with the "Uiink aloud" technique, each participant completed a 45-90 
minute mterview during which they completed tasks. Textbooks and monographs 
were available to participants as references during task completion. Qualitative 
analyses of interview transcriptions allowed Uie researchers lo construct a profile 
of the vjirious behaviors used by tiic graduate students as they solved organic 
chemistry problems. 
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In general, the preparation phase consisted of representing the {M*oblem either 
verbally or pictorially followed by attempts to relate verbal or pictorial 
representations to a methcxiological representation system in which specific 
reactions were selected to form the desired functional groups. The production 
phase was characterized almost exclusively by a methodological system in which 
the problem solver was guided by the belief that knowing reactions was the heart 
of organic synthesis (e.g., similar reactions were researched in the available 
books). 

During the evaluationphasc, students typically usedrepresentations grounded 
in principles, literature, laboratory knowledge, andeconomics. Of particular note 
was the finding that individuals moved through the particular phases of problem 
solving very quickly (i.e., often a matter of seconds) and cycled through the 
phases several times. This approach is not consistent with the view that students 
spend long pericxls of time in each phase and that each phase is only cycled 
through one time during the solution to a problem. The authors also noted that 
one of the most importiint decisions made was the representational system to use, 
because this decision tended to affect subsequent tactical decisions as well as the 
success of all subsequent problem solving phases. Interestingly, this significantly 
important decision was made with little conscious thought. 

In another investigation of the highly prized, but often elusive, educational 
goal of problem solving skills GaM and Samuel attempted to enhance college 
freshmen chemistry students' skills through the use of problem categorization. 
The sample consisted of 24 female .students enrolled in an inlrvxluctory college 
chemistry course for health professionjils. Students were randomly assigned to 
two laboratory sections at the beginning of the semester. Each group was directed 
(in lecture) to use a piirticular approach to problem solving (EMPS). In the 
laboratory sections, however, the experimentiil group was helped to see the 
consequences of problem categorization and was given time to practice the 
categorization skill while the control group simply watched the solution of 
problems on the overhead projector using EMPS. The Logical Mathematical 
ReasoningTest, categorization and achievement tests, and cumulative achievement 
tests were administered at vjirious times during the semester to measure students' 
achievement and categoriziition ability. 

No significant differences were noted between the control and treatment 
groups for the compilation of all achievement tests. The treatment groups, 
however, scored significantly higher on combination problems (those containing 
two or more concepts) and unmmounced achievement tests. Twelve students (six 
control Mid six treatment) were randomly interviewed in order to assess 
categorization skills. There was no appreciable difference in the two groups' use 
of categorization during problem solving. It was concluded that explicit training 
in the problem solving strategies of EMPS and categorization may increase 
achievement, but such triiining by itself is aot sufficient for helping students to 
maximize their problem solving potentijil. 

Pizzini and Shepardson investigated the quantity and quality of students' 
questions witiiin \hc context of a problem solving instructional model, llie 
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sample consisted of 22 teachers (grades 5-8) who participated in a project 
designed to refine and evaluate the Solve, Search, Create, and Share (SSCS) 
problem solving instructional model. Teachers were videotaped prior to the 
SSCS treatment and following the treaunent. Students' questions in the presence 
of the teacher were coded witii respect to cognitive level (i.e., input, processing, 
output) and to whom the question was directed. 

Ibe data indicated that, during large group instruction, there was no difference 
in the total frequency of students' questions between the SSCS instructional 
model and a teacher-directed laboratory mcxlel. However, during small group 
instruction, significant differences, favoring the SSCS mcxlel existed with respect 
to number of student quesuons and the percentxige of student-student questions. 
Although not statisticiilly significant, students (ended to ask higher level questions 
in the problem solving instructional approach. Overall, the diita clearly indicated 
how various instructional approaches and organizational formats affect the 
quantity and quality of students' questions. 

STS and Scientific Literacy 

Students' understanding of science-technology-society interactions and the 
attainment of scientific literacy continues to be at the forefront of educational 
reform. Baker and Pihurn assessed the effects of a scientific literacy course on 
the skills, cognitive ability, and attitudes of students in their first year of high 
school. The sample consisted of 250 ninth grade students randomly assigned to 
three sections of the required course . The year long course was developed around 
four m(xlules (i.e., exploration, relationships, verification, and models) that 
emphasized the commonalties of science as opposed to discipline-specific 
subject matter. Students' beginning and final characteristics were measured with 
a variety of instruments. Logical ability wits assessed with the Propositional logic 
test, psychological type with Qie Myers-Briggs Type Indicator, cognitive ability 
with the Developing Cognitive Abilities Test, attitude with the School Attitude 
measure, and pr(x:css skills with a series of teacher-developed measures selected 
on the basis of face validity. The results showed a significant improvement in 
skills such as observation, inference, measurement, and scriation. Statistically 
significanl results were also noted in each of the subtests of the Dcvelopmg 
Cognitive AbiliticsTest. Students' entering levelsoflogicalability. self-concept, 
and measurement ability were Jdso significiuitly related to students' posttesl 
scores on cognitive ability. Overall, changes in cognitive ability were predicted 
by achievement on tests of logical reasoning, measurement ability, and academic 
self-concept. After completing the curriculum, academic self-concept and 
mastery were related to scores on cognitive measures, while motivation, mastery, 
and control were correlated willi psychological type. Given that there was a noted 
decrease in positive attitude from pre-posttest, it was concluded that the scientific 
literacy course may be best suited for the practicjd student who thrives in a 
controlled setting md not as well matched to llie more academic and autonomous 
student. 

o t 
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Ben-Chaim and ZoUer constructed STS ouUcwk profiles of 11th grade 
Israeli students following the science^ non-science, and technological curriculum 
tracks. A total of 546 students (and their teachers) constituted the sample for their 
ex-post facto investigation. Six representative statements from the VOSTS 
inventory were used to assess respondents' STS outlook specifically related to 
STS views/positions, STS beliefs/attitudes, and STS literacy. 

Statistically significant differences were found among the three curriculum 
tracks on STS beliefs/attitudes and literacy, but not with respect to the more 
cognitively based views/positions. When sludenLs and their teachers were 
compared, statisticjdly significant differences were found with respect to views/ 
positions and beliefs/attitudes, but not for STS literacy. Finally, science teachers 
and non-science teachers differed with respect to STS beliefs/attitudes. The 
results supported the contention that none of the high school tracks contain an 
appropriate STS education component. Prior research by these authors has 
demonstrated the effectiveness of STS courses in promoting desired STS views/ 
positions. Consequently, it was recommended that a more concerted effort to 
include STS instruction in science courses, social studies courses, and preservice 
and inservice teacher education be pursued if current goals concerning STS 
literacy are to be achieved. 

Ruhha, McGuyer, and VVahlund conducted two investigations, each using 
a non-cquivident control group design, to assess Uie effects of infusing STS 
vignettes into the genetics unit in high schcx)l biology. The effects of vignettes, 
along with discussion of tlie vignettes, on students' awareness of current STS 
issues, the impoiimice assigned to STS issues, aiid genetics achievement were 
investigated. The siunple for each investigation consistc-d of four sections of 
grade 9/10 biology taught by the smne teacher. Class sections were randomly 
assigned to experimental (infusion of STS vignettes) and confol conditions. In 
one experiment, vignettes were used twice per week and a discussion of the 
vignettes occurred every two weeks. In the otlier experiment, vignettes were used 
four days per week with ensuing discussion of vignettes occurring at least once 
per week. Each investigation lasted for six weeks. Students were administered 
the STS Issues Questionnaire (contiiining three free-response items) to assess 
their awareness of and importance assigned to STS issues. The teacher-made 
tests were used to assess students' genetics achievement. 

In each investigation, no differences were found in genetics achievement 
between the control and experimenUil groups. Additioniilly, no differences were 
found between control and experimental groups with respect to either awareness 
of STS issues or tJie perceived importance assigned by students to such issues. It 
was concluded that teachers should not rely solely on the use of STS vignettes to 
achieve STS cunlculum objectives. It was also noted that current academically 
oriented biology instruction typically found in high schcx)ls does little to influence 
students' awiu^eness of STS issues. 

Zoller investigated tJie relative effects of courses focusing on science, 
technology, environment, rmd society interactions within a science teacher 
education program. Specifically, tliree identical courses (two at the undergraduate 
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level and one graduate) were implemented, and relative effectiveness was 
assessed. In addition to the focus on current curriculum reform emphases, the 
course design was characterized by an integrated subject matter/methods 
presentation. The courses applied non-traditional, interdisciplinary, divergent, 
inquiry, self- study, open-ended, problem solving, and decision-making strategies. 
An eclectic exam and individualized eclectic exam were used as assessment 
instruments within the course framework, I n brief, these examination formats can 
be characterized as open-ended and problem solving in orientation. In addition, 
all students completed a higher-level cognitive performance (HLCP) instrument 
and a 30-item Likert-type annual teaching evaluation questionnaire. 

The results indicated that prospective teachers can succeed in learning at 
higher cognitive levels within the contextofthe new instructional approach. The 
undergraduates, however, typically perceived the course as eiOier difficult or not 
in accord widi their needs relative to those views expressed by the graduate 
students. It was concluded that the instructional approach holds much promise 
for science teacher education, but tliat much attention must be given to the 
implementation stage in order to ameliorate die problems experienced by 
undergraduate students. 

Zoller, Donn^ Wild, and Beckett compared the beliefs and positions of 
Grade 1 1 British Columbia students on STS oriented issues wiQi those of their 
respective teachers. The sample consisted of 302 students enrolled in 49 STS 
courses and 255 students from 134 non-STS courses as well the students' 
respective teachers. Six statements from Ai^ head's VOSTS inventory were 
used to assess students' and teachers' beliefs. 

The data revealed statistically significant differences between the beliefs of 
students and thebeliefs of dieir teachers widiin boOi die STS and non-STS groups. 
Although no differences were found between the beliefs of STS and non-STS 
teachers, there were significant differences between STS and non-STS students. 
Because the student groups differed from each other and die STS students 
possessed views different from their teachers, it was concluded that STS students 
were educated with respect to STS issues as opposed to being ind(Ktrinated widi 
teachers' views. 

Group Learning 

The nature of student interaction widiin small-group learning situations is 
considered to be critical to the success of die group. Kempa and Ayob analyzed 
the verbal interactions of students engaged in problem-solving tasks (i.e., die 
planning of an experiment). The smnple consisted of 93 high school students 
drawn from six schools (one intiict class from each sch(x>l) in Malaysia. Students 
were allowed tofonn their own working groups widi die only limitation being that 
the number of students couid not exceed four. Each group was dien asked to 
discuss the possible solution to four separate problem-solving tasks. All group 
discussions were audiot;ipcd, and all students were asked to write individual 
solutions to Uie problems following die group discussions. A categorization 
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system for the analysis of discourse was developed which included task-related 
talk (inierperson^i-interactive and cognitive information), and task- unrelated 
talk. 

Although there was much variation among the discourse of the 27 student 
groups involved in the investigation, several patterns were evident. Groups were 
found to vary significantly with respect to the total amount of verbal information 
exchanged and the extent to which individual people contributed to group 
discussions. Most interactions tended to take the form of dialogues between two 
group members at a time with the role of other group members uncertain during 
such interactions. With respect to the nature of interactions, most discourse 
tended to be task-reUited but heavily weighted in favor of interpersonal interactions 
as opposed to the exchange of cognitive information. In short, students tended to 
seek/express approval and/or e xpress disapproval rather than participate in higher 
level discussions that arc typiciUIy associated with true problem solving. The 
authors concluded that problem solving does not readily occur in group work 
situations and that whatever problem solving does occur is more the result of 
individual activity as opposed to the skiring of ideas among group members. 

Watson used a 2 X 2 factoriiU design to investigate the relative effects of 
cooperative learning and Group Educational Modules (GEM) on the achievement 
of high schcK)l biology students. GEM is a team-leaming approach that is a 
variation on the jigsaw instructional approach. The sample for the investigation 
consisted of 1 1 biology teachers with 36 classes and 715 students. Class sizes 
ranged from 16-31 with large and small class sizes represented in each of the 
treatment groups. Instruction took place over a three week period. In all, four 
freaunenls were included: GEM program with cooperative learning, GEM 
program with no ccK)perative leiiniing, traditional materials with cooperative 
learning, traditionril materials and no ccxjperative leiiniing. A 50 item multiple 
choice test was developed and validiited for use as a pre and posttest of students* 
biology achievement. 

Overall, both the GEM approach mid the ccK)perative learning approach were 
superior to the traditioniil approach in fostering student learning. However, no 
interaction effect of using boUi the ccK)pcrative and GEM approach together was 
noted. 

Textbooks and Written Text 

The imporuince of written text in relation to students* learning of science 
concepts has generated much interest recently. Boyle and Maloney investigated 
the relative effectiveness of two diffeaMit written statements designed to facilitate 
students* completion of Newton* s third law problems. A sample of undergraduate 
students were asked to complete five paper and pencil task sets related to the 
interactions of two blcKks or a block and water. One third of the subjects (n=48) 
worked the Uisk sets witliout miy outside aid, one third was provided with a written 
description of forces as interactions which always come in pairs, and the final 
third was provided with an expanded version of the "pairs** statement which 
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stressed that the paired forces were equal in strength. Following the completion 
of each written task set, each subject was interviewed. 

llie results indicated that the vast majority of subjects used rules that 
involved more than one of the possible factors the problem situations contained. 
In short, the subjects tended to make the presented problems more complex than 
necessary. The students also seemed to conce ive a force as either a "thing in itself, 
a property of an object, or an event." Finally, most of the subjects did not use 
Newton's third law to work the problems. When comparisons were made 
between the three groups, it appeared that the individuals who were in the best 
position to use the handouts with written texts were those who already understood 
and could have used such information without the handout. Overall, the data 
strongly indicated that students' "natural ideas" affect what they can learn and use 
from written iext. 

Physics texts have often been criticized for their level of reading 
comprehension. Koch and Eckstein developed a strategy to ameliorate this 
perennial problem. A random sample of 20 college students enrolled in an 
introductory physics course was used in a preliminary investigation designed to 
identify the difficulties students have in comprehending physics texts. Following 
the reading of aportion of aphysics text, tJie students were interviewed about what 
they had read. In general, students were found to misjudge their comprehension 
level in either an overly optimistic or overly pessimistic manner. A follow-up 
paper and pencil test (following the reading of an additional portion of text) was 
used to investigate students' difficulties in a more in-depth manner. 

The most common difficulties exhibited by the sample of students were: 
agreeing with statements that contradict the text skipping statements in the text, 
believing there are statements in the text Qiat are actually not present, not 
distinguishing between words that iire only related and substituting related words 
for those in the text, inattention to textual inconsistencies, and using inappropriate 
meanings for words that have multiple meanings. 

Based on their findings, the authors developed a question formulation 
strategy that consisted of an answer/questioning (A/Q) component and a peer 
feedback (PF) component. The A/Q component required students to read a 
portion of text and then summiirize it through the development (and attempted 
answers) of a series of questions about the text. The PF is actually an interactive 
peer teaching game in which students read their homework questions concerning 
a portion of text and the other students attempt to answer the questions. This 
approach helps students to clarify their questions as well as provide substantive 
answers to questions. 

Three inmct classes (83 students) were randomly assigned to three groups: 
one using A/Q, one using A/Q iuid adding PF iifter the initial eight weeks, and a 
control group. A pretest and two posttests (one after eight weeks and one after 
16 weeks) designed to assess students' reading comprehension of physics text 
material were administered to each of tlie groups. The control group reading 
comprehension scores were found to remain constiuit during the fu'st eight weeks 
of the experiment and then decrease significantly during the final eight weeks. 
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The group using only A/Q improved significantly during the first eight weeks and 
then showed no giiins during the final eight weeks. The group using A/Q with PF 
added during llie second eight weeks exhibited significant gains during both 
segments of the experiment . Tlie authors concluded that it is possible to improve 
students' independent reading comprehension of physics texts by using the 
question formulation technique involving only the A/Q method or a combination 
of the A/Q and PF methods. 

Museum Exhibits 

Science is learned in immy settings outside of the classroom. One such 
setting is the science exhibit at the kx:al museum or science center. How much 
visitor interest is created relative to a museum exhibit's potential investigative 
and potential interactive chiiracteristics was investigated by Busque at the 
Ottawa Museum of Science and science centers in Sudbury and Toronto. A 
sample of 1089 (age 10 juid above) visitors to 15 exhibits, located in three 
different museums, completed a 30-item interest test immediately following their 
departure from a particuhir exhibit. 

In generrJ, there were no differences in interest relative to the gender of the 
museum visitor. Additionally, there was no significant difference in interest 
scores for exhibits of strong interaction potential and those of weak interaction 
potential. The same results were found for exhibits with strong investigative 
potential and those of wejik investigative potential. In fact, there was an 
indication that a strong investigative orientation for an exhibit was related to a 
disinterest by visitors. Given that significant differences in level of interest were 
generated by various museum exhibits, it was concluded that chjiracteri.^tics other 
than investigative and interactive potential (e.g., familiarity with exhibit, presence 
of a guide, etc.) are responsible for visitor interest. 

Kuhota and OLstad assessed the effects of novelty reduction on exploratory 
behavic r and cognitive learning in a science museum setting. The subjects for the 
investigation consisted of 64 sixth gnide students from a Seattle magnet school. 
Students were studied as they visited the Pacific Science Center's Playground, a 
collection of interactive, hands-on, physics exhibits. The investigation followed 
a posttest-only control group design with students randomly assigned to a 
treatment group and control group. The treaUnent group received a slide/tape 
program designed to reduce the novelty of llie Science Playground. The control 
group received a slide/tape presentation about another area of the Science Center. 
Following the presentation of these prognuns, students were videotaped as they 
visited the Science Center. Students' cognitive learning was assessed with a 
paper and pencil test while on-task exploratory behavior was measured by 
counting the number of seconds students' spent in meaningful interaction with nn 
exhibit. Ciilifoniia Achievement Test scores were used as a measure of prior 
academic achievement. 

The treatment group exhibited significantly more exploratory behavior than 
the control group with a significant gender interaction favoring llie males. There 
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was no difference in the cognitive learning of the two groups. There again was, 
however, a significant interaction with gender favoring males. The authors 
concluded that the novelty reducing treatment served to inaease the treatment 
group' s on-task exploration. The authors raised the issue of sex-role socialization 
as a possible explanation for tiie differential effects of the treatment on males and 
females. In particular, it was noted Uiat the exhibits were specifically physics 
oriented and science oriented in genend. 

Stevenson a^ssessed tlie long-term impact of an interactive museum exhibit 
on adults and children. Initially, the behaviors of 20 visitors (ranging in age from 
six to adult) were unobtrusively observed as they visited Uie Launch Pad exhibit 
at the London Science Museum. Information gathered during this initial phase 
was used to guide the development of interview questions with the larger, primary 
sample. A total of 383 visitors (109 groups) were interviewed with a set of nine 
questions immediately after they visited tlie Launch Pad exhibit. A few weeks 
later, a follow-up questionn;ure was sent to each member of each group. 
Approximately six months after the museum visit, each group (who participated 
in both the first interview md had returned tlie miiiled questionnaire) participated 
in a follow-up interview tliat was iriuiscribcd for analysis. 

Results of the direct obser\'ation porti'^n of the investigation showed that 
visitors tended to remain in the Larjich Pad exhibit for 40-90 minutes. 
Consequently, it was concluded that the exhibit was effectively holding visitors* 
attention. Data gathered via the first interview and follow-up questionnaire 
indicated tliat the museum visitors were favorably impressed with the Launch Pad 
and could recall specifics about viu-ious aspects of the exhibit. Analysis of the 
follow-up interview yielded 857 exhibit memories containing 1436 i^parate 
comments. Sixty percent of the comments were descriptions, 26% thoughts, and 
14% feelings. The data related to thoughts and feelings contradict the general 
perception that visitors to interactive exhibits tend to enjoy the exhibit, but 
reflection or tliought related to leaniing is infrequently noted. Of panicular note 
was the observation that 81%- of the reported interactions with the exhibit were 
in association with familiar members or other museum visitors and 99% of those 
interviewed reported having spoken about tiie exhibit with others after leaving the 
museum. The authors concluded liiat interactive exhibits like Launch Pad appear 
to have provided im interactive experience that generates interest and enthusiasm. 

In another investigation of an interactive museum exhibit, Tulley and Lucas 
addressed the issue of what constitutes true understanding of an exhibit. The 
exhibit providing fcKus for tiicir investigation was a kit of parts from which 
visitors could assemble a hu"ge two-lever mortise IcKk. Visitors to the exhibit 
were videotaped as they interacted with the exhibit and then a randomly selected 
sample was interviewed. Following the interview, individuals were asked to 
reassemble the IcKk. 

Males as well as individuals who had observed jmother visitor assemble the 
lock were faster at initial IcKk assembly. However, Uie males' advantage 
disappeared during tiie reassembly Uisk. Seventy percent of tiie visitors could 
provide a full description of tiie workings of the kx:k, but their descriptions of the 
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lock, self-assessment of undersiaiiding, and prior experiences were unrelated to 
the amount of time it took to reassemble the lock. The discrepancy between one's 
ability to explain the workings of the lock and ability to assemble the lock 
correctly clearly showed the differences that may exist between verbal and 
performance assessments of understanding. Additionally, the authors also noted 
the primary importance of watching another individual assemble the lock before 
attempting to do so oneself. The data appeared to indicate that vicarious 
experiences are of equal or more importance than actual experience interacting 
with the exhibit. 

Technology Integration 

Jcgede, Okebukola, and Ajewole, recognizing that many developing 
countries do not possess adequate computer technology environments, investigated 
the effects of computer use on the attitudes and biology achievement. Sixty-four 
students enrolled in a preparatory course for the Nigerian Joint Matriculation 
Examination in biology comprised the sample. Students were administered an 
attitude instrument (which measured attitudes towjird the usefulness of computers 
in learning biological concepts) and a biology achievement test prior to and 
following instructional treatmenLs. Following ilie pretest, students were randomly 
assigned to one of tliree groups: individual use of computer (n=10), cooperative 
teams of three (n=30), mid no computer use (n=24). The "no computer" group 
was presented material in a whole-group lecture-recitation format, while the 
computer groups did not receive any support from the teacher. 

A main effect by group was noted for attitude with the cooperative computer 
use groups showing the most positive attitudes, followed by the individual 
computer use and then **no computer use" groups. No difference were found with 
respect to students' biology achievement. Although it was recognized that 
follow-up research was needed, the authors concluded that the use of computer 
technology appears to have the capability of exciting students in a developing 
Third World country. 

Rural Science 

The nature of science instruction in rural settings is beginninj to be 
recognized as very different from either urban or suburban science instruction. 
Sunal surveyed 105 science teachers, repr ^senting 67 schools serving a total of 
37,997 students, in 46 county schcx)l districts in Alabama. The purpose of his 
investigation was to chiuiiicterize rund 7- 1 2 science programs and ascertain which 
characteristics are related to science achievement. Data was collected using four 
separate sources. The Rund Schcx)! Itemized Survey gathered information about 
schcx)! chju-acteristics and teacher's background and the Rural School Science 
Questionnaire sought information concerning tlie teacher's perception and 
evaluation of tlie science prognun. Twenty teachers were randomly visited and 
interviewed in an effort to further discuss and verify responses to the two 
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quCvStionnaires. A final source of data was students' scores on the science portion 
of the Comprehensive Test of Basic Skills, 

Overall, studenti> enrolled in rural schcx)ls exh ibiled lower science achievement 
than students enrolled in schools in the s^mie region in less rural settings. Rural 
teachers tended to be males who were originally from rural or small communities. 
These teachers typically had numerous different class preparations with a 
significant portion teaching out of their content specially. The rural teachers' 
perceptions reflected realistic and practical ideas with "understanding the natural 
world" identified as the primary purpose of science. Overall, teachers did not feel 
that efforts were being made, through inservicing, to improve science program 
adequacy. Teacher and school vjiriables were found to correlate with variations 
in students' achievement. Such variables as teacher characteristics, student and 
teacher attendance, teacher inservice, and insUuctional approaches were 
significantly related to student achievement. 

Of primary significance was the finding that the number of certified science 
teachers correlates with higher science achievement scores. In and of itself this 
finding is rather intuitive, but it is of critical importance because rural schools are 
often unable to attract certified personnel to suiff all of their science courses. 

Comments 

The overwhelming number of research reports in this section mirror the 
current emphasis on higher-level tJiinking in science education refomi efforts. In 
panicuhu*, numerous investigations focused on students' reasoning patterns, 
problem solving abilities, or undersumding of STS issues. The investigation of 
students' antliropomorphic mid teleological reasoning represents tlie continuation 
of a perennial concern. 

Several new and intriguing lines of research were, however, also noted. Of 
particular interest is the resciu-ch pursued by Schauble, Klopfer, and Raghavan 
because of its varied implications (e.g., undersUinding the nature of science, 
laboratory inslrucUon, STS, problem solving in science). Clearly if a student 
views the purpose of an experiment is to "prcxluce a desired e ffect," the student' s 
subsequent leaming with respect to the content of the laboratory activity is 
affected as well as the student's view of the role of experimentation in science. 
Further research is needed concerning tlie sources of students' perceptions of the 
purpose of experiments and how these perceptions affect subsequent leaming of 
subject matter and conceptions of science. 

The research concerning STS and the achievement of scientific literacy was 
both encouraging and disconcerting. It was encouraging to sec that students' 
achievement of these contemporary curriculum foci remains an active line of 
research, but it was disconcerting to see tliat we are still struggling with the 
integration of STS into current curricula as well as effective ways to communicate 
such critical understJindings to students. 

ZoUer, Donn, Wild, and Beckett's findings that students were not 
indcKUinatedwitli teachers' views isofpiu-ticuhirimpcmance. Miuiy of the extant 
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instructional approaches and curricula that attempt to focus on STS interactions 
appear to disregard the diinger of indoctrinating students with a particular view. 
A case in point are the enviroiunentally oriented STS programs and approaches. 
Future curriculum development needs to place more emphasis on the possibility 
of indoctrination and future research should focus on students' perceptions of 
STS oriented curricula/activities and how these perceptions affect subsequent 
learning, especially when students' views on a controversial topic appear to be at 
odds with the supposedly "hidden views" of the curriculum/teacher. 

The research concerning museum exhibits raises some intriguing questions 
for classroom instruction. If actual interaction with an exhibit is not necessarily 
instructive or even more instructive thiui vicarious experience, are our continuous 
efforts to promote "hands-on" activities and laboratory experiences as opposed 
to demonstrations misguided? Or, do we need to more carefully analyze the 
nature of the "hands-on" experience? 

Overall, resetirchers appear to be relying more on interviews, tasks (or 
activity-oriented data collection methcxls) as opposed to, or in addition to, 
tra(Jitional paper and pencil techniques. This trend is consistent with the 
increasing acceptiuice of qualitative reseiu'ch approaches and appears to be 
yielding more in-depth mid infonned assessments of students' thinking. This is 
no more evident than in the research related to problem solving, where it is 
becoming clear that students do not necessarily approach problems in a manner 
that is at all consistent with our theoretical models. 
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Cognition and Achievement 

The primary f(x:us of reseiirch reports included in this section is on specific 
student understandings, conceptions, reasoning patterns, achievement, and 
cognitive styles. Again, although c^ata on teachers and instructional approaches 
has been included in many of the cited studies, the primary emphasis is on student 
learning as opposed to teaching. 

Conceptions and Alternative Conceptions 

Recognition that sludeiUs come to tlieir science classes with conceptions of 
the world and the phenomena that they experience ever>day, and that these 
conceptions influence subsequent learning, has significantly piqued the interest 
of researchers. Research on students' conceptions, alternative conceptions/ 
frameworks, and conceptual change has become one of the primary research areas 
in science education. 

Elementary school level 

It is well known that students possess conceptions of natural phenomena that 
may differ drastically from those held by scientists. This variation occurs even 
with respect to common everyday experiences. In particular. Bar and Travis 
investigated students' (grades 1-9) ideas concerning phase changes from liquid 
to gas and gas to liquid. An initial siunple of 83 students was selected from an 
elementary schcK)l in Jerusalem. The sample specifically consisted of students 
with the following tnean ages: 6 yciirs (n=23), 7 years (n=20), 9 years (n=20), and 
1 1 years (n=20). All students were administered an open-ended oral test that 
focused on the concepts of boiling and evaporation. A second sample of students 
v/as selected from one elementary and one junior high school with the following 
mean ages: 10.5 years (n=37), 11.5 ycius (n=28), 12.5 years (/^=50), and 13.5 
years (n=37). These students were asked to complete a nine item multiple choice 
test containing dislractors derived from the responses given by students during 
the oral test. Finiilly, tliree open-ended written questions were administered to 
two groups (n=I34, n=132) of junior high schcx^l students ranging in ages from 
11 to 15. 

Overall, the dataiuialysis indicated tliat with respect to evaporation, students' 
views changed from water that pcnea^ates solid objects to water that evaporates, 
while the identification of matter in a bubble changed from water to air. The 
understanding of boiling was found to precede understanding of evaporation. 
Importantly, the results also indicated that the format of testing affected the 
findings, with items offering alternative luiswers (e.g., multiple choice) frequently 
misleading students. Tlie auiliors concluded that science teachers shouldcarefuUy 
explain everyday experiences iuid the use of concrete experiments and theoretical 
mcxlels should be emphasized, within an atmosphere allowing open discussion 
and evaluation of alternative conceptions. It was further recommended that 
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formal mcxlels of physical phenomena should be withheld until most of the 
students have attained a qualiuitive undersuuiding. 

The specialized vcxiabulary used as part of science instruction is often a focus 
of discussioas a)nceniing tiie level of students' leaming and the development of 
students' alternative conceptions. Meyerson, Ford, Jont^s, and Ward examined 
how elementary school students think about science vocabulary by examining the 
organizational schemes employed with science words. The sample consisted of 
144 diird grade and 123 fifth grade students from all classes in a particular 
elementary schcwl. Students identified by their teachers as special education 
students were not included in the smnple. Examination of publishers' and school 
district vocabukuy lists led to the development of a conunon sense core vocabulary 
list of 1 55 words: 44 words from the Oiird grade level and 1 1 1 from die fifdi grade 
level. Comparisons between grades resulted in a listing of 15 words common to 
both grade levels, with 1 1 additional words considered to be unique to fifth grade. 
Using worksheets containing the identified vcKabulary words for each grade 
level, students were asked to group the words in a "meaningful way." Follow-up 
interviews were conducted with each student in order to clarify any confusion and 
elicit explanations for the students' categorization scheme. The data were 
analyzed with respect to whether a student's response did (or did not) provide a 
concept for the word mid whether llie response did (or did not) provide a science 
concept. 

Tlie results indicated that, in general, third and fifth grade students provide 
appropriate conceptual groupings for science vocabulary, but the conceptual 
groupings are not always science related. Fifth grade students provided more 
science concepluiil groupings. In addition, third grade students were less likely 
to assign a multiple meaning word to a science conceptual grouping than fifth 
graders. 

The results demonstrated a developmentiil trend in student ability to correcUy 
associate a particukir science vcxrabukiry item with an appropriate science 
concept. It was recommended tliat teachers encourage students' schematic 
development for v(x:abulary specific to science concepts and help students 
recognize the multiplicity of word nieiuiing.N. 

As with many concepts in science, the memiing of "neutralization" has been 
revised over the years. Consequentl y, chemistry teachers and their students must 
confront die difficulties created by historically varied meanings. Schmidt used 
a sample of 7500 elemenuury level students in Germany to assess students' 
understxuiding of the concept of "neutraliziition." A series of nine test items 
related to neutraliziition were developed and six of diese items were randomly 
inserted into a test conuiining 1 54 items, which was administered to each student. 
Consequently, each student was asked to complete six items related to 
neutralization, but the specific items varied among students. 

Analysis of students' responses indicated that most students assumed that a 
neutral solution resulted from any neutridization reaction, an understanding 
consistent with tlie originiil nieiuiing of the term. Whenever a test item addressed 
a reaction between an acid and base, students immediately diought of 
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"neutralizaUon/' and many students believed neutralization necessarily involved 
only strong acids and bases. The author concluded, overall, that the terms 
"neutral" and "neutralization" significantly influenced student^;' thinking and 
often led to wrong conclusions imd understandings. It is often the case in science 
that appropriately descriptive tenn inology can become misleading when scientists 
revise meanings and conceptuiUizations without altering the term/label used for 
the concept. 

Much reseiirch has indiaitcd that upper elementary and junior high school 
students possess alternative ideas about matter . Stavy (a) investigatedconc^ptions 
of matter possessed by students in grades 1, 3, 5, and 7. Twenty students from 
each grade level were chosen from an upper middle class population near Tel- 
Aviv, Israel. The seventh grade students hadjust completed a course specifically 
related to matter. Each :audent piu*ticipated in a task-oriented interview that 
focused on explanations of the concept of matter and the classification of items 
as matter or non-matter. Most of the students, regardless of grade level, were able 
to correctly explain the concept of mailer. Students explanaUons were either in 
the form of examples, function, structure, or properties. In general, younger 
students tended to exphiin matter by giving typical examples or by describing 
functions. Students in third grade and beyond described matter in terais of 
structure and properties, but only 10% of the seventh graders referred to the 
properties of weight and volume. 

With respect to the classification of matter, the ability improves with age and 
by the seventh grade the majority of students regard solids, liquids, and biological 
materials as matter. The data suggested that younger children's concept of matter 
is in some cases under extended so as to exclude some solids, most liquids and 
biological materials, and ^dl gases. Alternatively, it is overextended to include 
some physical phenomena associated with matter and non-matter items. The 
author concluded that there is "no point in teaching the particulate nature of matter 
when students don't know what we mean by matter." It was recommended that 
instruction should focus on cUirifying the concept of matter (beginning with 
objects recognized as matter mid then proceeding to objects not usually regarded 
as matter by students) prior to any intr(xluction of particulate theory. 

Middle school level 

Boujaoude identified and chiiracterized eighth grade students' (;i=20) 
conceptions of burning. The class of students was of mixed ability, ethnic 
background, and socioeconomic sUitus. Students were presented with various 
demonstraUons (e.g., burning candle, lighting mi alcohol burner, heating sugarin 
asp(X)n.etc.)aiidinterviewedaboutaieirconceptionsofthepresentedphenomena 
Prior to these interviews, the reseiircher made classroom observations for weeks 
so he could become fiuiiiliarwiUi die students, teacher, and school setting. Using 
analytic induction, die transcribed interviews were analyzed. 

Tlie results indicated Uiat students based Uieir understandings on conaete 
and observable changes, used memorized information to explain observations, 
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held fragmented, inconsistent, situation-specific understandings of burning, and 
possessed conceptions at (xlds with current scientific explanations. Given the 
significant impact of visible environmental cues on students* understandings, it 
was recommended that teachers present students with numerous diverse and 
observable examples to reduce the possibility of over generalization from a 
limited set of salient examples. 

Working with two groups of middle schcx)l students (ages 1 1-12 and 13-14), 
Longden, Black, and Solomon investigated tlie students' representations of 
dissolving in terms of the observable process and the more theoretical particle- 
based description. Student:; were asked to respond to two pictorial situations 
related to the dissolving of a substance. One picture was specific to everyday 
observations while the other was specific to a particle representation of matter. 
Students were asked, on a sepiirate sheet of paper to draw and explain what each 
diagram would look like if the crystal pictured dissolved. A total of 246 students 
from three schools comprised the younger (ages 11-12) sample and 196, from 
three schools, comprised the older (13-14) sample. 

Interestingly, analyses of students' diagrams and explanations indicated that 
fewer pupils (in each age level) held a correct view of dissolving in everyday 
terms as opposed to the more theoretically based particle interpretation. 
Furthermore, there appeared to be an improvement of understanding with respect 
to the particle interpreuition with age while no improvement was noted for the 
everyday conception with age. 

The authors concluded that although schcx)l teaching of new theoretical 
models is effective, it is of less vidue for the development of everyday notions. 
In short, the students in this investigation clearly adhered to two domains of 
knowledge and explanation; in schcK)l science and out of school science. 

In another study related to students' conceptions and learning, Rhoneckand 
Grob investigated students' psychological background with respect to their 
ability to learn basic electricity. In actuidity, three septirate studies were carried 
out in different schcx>is to investigate why some students learn successfully while 
others do not. For this reason, in addition to data on learning outcomes, data were 
collected on students' interest, achievement motivation, IQ, and cognitive 
development. A totid of seven classes were involved in the three investigations 
(grade levels were not reporied, but die subject matter focus suggests a middle 
school level), and these scIkh)Is were representative of urban and rural locations. 

In urban classes, achievement was significanUy lower than in rural classes. 
Factor analysis revealed that in urban classes the learning of electricity is 
primarily related to interest and motivation and only peripherally related to 
cognitive development. In rural classes, however, diere was a close association 
between learning electricity concepts and students' cognitive abilities with 
interest and achievement motivation of miirkcdly less importxmce. The audiors 
explained die differences between urban and rural learning in terms of the 
construct of "mindfulness" (a combination of motivational states and cognitive 
actions, a mixture of will mid skill). Ultimately, they concluded, the real reasons 
for differential learning are still "hidden behind die variables which can be 
measured today" (p 95). 
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recently completed an advanced or inlroduciory mechanics course and 201 high 
school students from both urban and rural schools throughout Israel (112 
advanced physics students, 8 of whom were interviewed; 32 introductory physics 
students, 4 of whom were interviewed; 57 students who had not taken physics, 5 
of whom were interviewed). All students wereadministereda 10 item test to elicit 
their beliefs about the forces acting on a pendulum bob, book, and cannonball at 
rest and in motion. Students interviewed were probed for explanations of their 
answers. 

With respect to systems involving objectsat rest, the vast majority of students 
were able to identify the correct Newtonian forces involved. Contrary to prior 
research, very few of the students not having taken physics possessed the belief 
that no forces were involved. The dam also indicated that students possessed no 
general law for describing objects at rest. Students used specific rules foe each 
situation. Additionally, the data did not support the view that mtst students 
possess the "motion implies a net force" notion. Finally, although students 
appeared to possess frameworks for physical phenomena, such frameworks did 
not provide a perspective from which students' beliefs could have been predicted. 
The authors concluded that their results reinforced the perennial problem of 
students being unable to identify piuticuhir instances of general rules or laws and 
that the problem is only further aggravated in physics instruction by students' 
prior knowledge. 

In another study of undergraduate students' conceptions of physical 
phenomena, Saxena investigated 1 8 1 Indian undergraduate students' conceptions 
of light. Students were administered im eight-item questionnaire, with each item 
based on at least one of six identified major concepts associated with light (e.g., 
reflection, refraction, shadow). The questions were multiple choice, but students 
were also required to explain the reason for their selected response. A sample of 
5% of the students were interviewed to clarify written responses. 

Analysis of the questionnaire responses and interviews indicated that students 
had difficulty understiuiding the prcx;ess of visibility of an object, shadow 
fonnation by an opaque object, action of a filler, and action of a lens in image 
formation. Students generally understcx)d tlie basic properties of light at a 
knowledge level as evidenced in their ability to represent these properties using 
a line diagram. Difficulties were noted, however, when students were asked to 
apply these properli in novel situations. The author also noted that many of the 
students who arrived at correct responses were not able to support their responses 
with acceptable logical reasoning. 

Longiiudinal studies 

Assessment of the long-term effects of vmous learning interventions is 
much needed. Novak and Musonda conducted a longitudinal investigation that 
followed two groups of students from grades 1 to 12, The treatment group for their 
investigation included 191 first and second grade students from 1 1 classes. The 
comparison/control group consisted of 48 students from tlie siune schools ^.s the 
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were measured using the Test of Logical Thinking (TOLT) and their conceptions 
of subject matter (e.g.» dissolution, diffusion, etc.)) was assessed with the 
Physical Changes Concepts Test (PCCT). The PCCT consists of one fonn that 
presents concepts in everyday situations using everyday language (A form) and 
a theoretical form (T form) iluit presents information in scientific language. The 
two forms of the PCCT were administered two weeks apart with the A fonn being 
administered first. 

The sample scored a tiiean of 4.54 on the TOLT indicating, on average, early 
fonnal reasoning had been achieved. Over 40% of the sample possessed 
alternative conceptions for those concepts covered by the PCCT. Dissolution 
presented the most difficulty while suites of matter appeared to be the easiest. A 
statistically significant correlation was found to exist between students* reasoning 
ability and preexisting knowledge with their conceptions and use of particulate 
theory. Analysis of specific student conceptions indicated two possible sources 
for alternative conceptions: macroscopic reasoning (translation of observable 
behavior of matter to the scale of atoms and molecules) and instruction 
(misinterpretation of instructional mialogies mid devices). 

There was an overall difference in students' scores on the applied and 
theoretical fonns of the VC.CT. In general, students used macroscopic explanations 
when they were asked questions using everyday language and theoretical 
knowledge (obtaiiud from schcx)!) when questions used formal classroom 
language. It was concluded that students should be given the opportunity to 
evaluate their preexisting knowledge with respect to ilie scientific conceptions so 
that compartmentaliziition of knowledge into applied and theoretical can be 
avoided. 

Protein synthesis is a topic included in virtually every high school biology 
curriculum. The abstract nature of the process, however, presents numerous 
instructional problems. Mensch and Ruhha assessed the effects of a set of 
hands-on models on students* cXMitent achievement and attitudes. Twenty-eight 
ninth grade academic biology students were randomly assigned to two sections 
of biology. As a consequence of absences, the actual size of the experimental 
group was ten and the control group, 11. The experimental group received four 
class periods of instruction on protein synthesis. These included a one-period 
lecture on structure and function of DN A iuid RN A, a one-period lab during which 
DNA and mRT^A were consU'ucted with hands-on mcxlels, a one-period lecture 
on protein synthesis, mid a one-period lab on protein synthesis using the hands- 
on models. The conU'ol group received the lectures on days one and two and then 
received an environmenuil science activity on diiys three and four. Both groups 
were pre and posttested with paper and pencil tests assessing subject matter 
knowledge, attitudes towiu'd biology, and attitudes toward bicxrhemistry . Follow- 
up administrations of Die tiiree tests were administered six weeks after the 
experiment. 

An ovenill repeated measures ANOVA showed no differences with respect 
to any of the outcome measures. However, Tukey comparisons indicated that 
students who manipulated ilie hands-on mcxlels showed more positive attitudes 
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toward biology and bicKhcmisiry on Uic posttest and/or follow-up test. The 
auUiors concluded lhat the atlitude gains justified the use of large hands-on 
models during instruction on protein synthesis. 

Concept mapping has been commonly used as both an assessment and 
instructional technique. Ross and Munby analyzed 34 high school physics 
students' conceptions of adds and bases. These students had ccnnpleted an 
advanced, grade 11, chemistry course the previous semester. All students were 
administered a 25-ilem multiple-choice test primarily selected from a validated 
item pool developed by the Ontario Ministry of EducaUon. Students' scores on 
this exr mination, teachers' recommendations, and previous chemistry achievement 
were used to select eight students to participate in two 40-minute clinical 
interviews. Each interview consisted of four tasks related to acids and bases 
presented in the form of a diagram, drawing, or picture. A Model Concept Map 
was developed from the curriculum guidelines and students' concept maps were 
derivedby examining students' multiple-choice responses and interview protocols 
for missing concepts. Removal of missing concepts from the Model Concept 
Map resulted in a map for each participant. 

Analysis of the multiple-choice test revealed that students performed best on 
pH and everyday-phenomena items but experienced difficulty writing and 
balancing chemical equaUons. There was a consistency among the data revealed 
via the multiple-choice test, interviews, and concept map constructions. The 
authors strongly emphasized die utility of concept mapping and the use of a 
Model Concept Map as reference point in both instruction and futt»rc research. 

Postsecondary level 

Students' and teachers' understiuiding ofchcmical equilibrium was assessed 
by Banerjee. The sample consisted of 120 college chemisu^ students enrolled 
in the tiiird semester of a four yciir teacher education course, 42 students in a 
content melhcxlology course wiUiin a one ycjir teacher education program, 40 
secondary level chemistry teachers (possessing a B.S.), and 29 secondary level 
teachers withal least a M.S. in chemistry. A 21 item test on chemical equilibrium 
(containing closed ^Uld open response items) was developed and administered to 
all piirticipants. The data indicated widespread misconceptions among both 
teachers and students relating to Le Chatlier's principle, rate and equilibrium, 
application ofcquilibrium principles to problem solving situations, and application 
of equilibrium principles to acid-base and ionic soluUons. Group comparisons 
showed misconceptions to be equidiy high in both teachers and students. It was 
speculated diat the teachers may have developed their misconcepUons during 
Uieir educationid experieiiecs and retained the misconceptions despite their 
teaching and professionid experiences. 

Finegold and Gor.sky reported on iui aiudytical technique by which they 
were able to identify meaningful conceptual categories of students' understanding 
of force. Data were collected with a written lest and interviews. The sample 
consisted of 333 university students (18 of whom were interviewed) who had 
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Middle/high school levels 

Pereira and Pestana investigated conceptions of water possessed by 
Portuguese students in grades 8 to 12. A total of 227 students were asked to 
"represent water in its tliree stiites— .>olid, liquid, and gas — using a model." 
Qualitative analyses of students' mcxlels were used to discern the nature of 
siudenLs' representations and die presence of any misconceptions. The dominant 
microscopic models, across all grades, were of the particle type (e.g., space- 
filling, ball type, and structural formula). Students in grades 8 and 9 were more 
likely to provide models that included the dynamic aspects of water, especially 
in the gas models. For all grade levels, the increase of intermolecular distance in 
liquid and gaseous stiites compared with the solid was often associated with an 
increase in the size of the model used. Tlie authors cautioned that the sample of 
students was selected from piirticipanLs at a chemistry olympiad and the results 
are most likely not represenuitive of the **average" student population. 

How students develop Uicir understanding of the concept of diffusion was the 
focus of a cross-age study conducted by Westhrook and Marek. The sample 
consisted of 100 randomly selected students from each of diree grade levels: 7di, 
10th, and college students enrolled in freshman zcx)logy. The final sample of 300 
was randomly reduced from an original! sample of 410 students. All subjects 
completed a biographical questionnaire, two Piageiian tasks assessing 
ccmbinatorial logic aiidprop()rtionalreiLsoning,andaconceptevaluation statement. 
Understanding diffusion at the concrete, observable level was considered to be a 
"sound" understanding and an undcrstimding at the molecular, abstract level was 
considered to be a "complete" understanding. 

None of the 300 students were found to possess a "complete" or "souikI" 
understanding, and there was no apparent relationship between understanding 
and Piagetian developmentid level. Interestingly, 55% of die lih graders 
possessed misconceptions while over 60% of lx)th 10th graders and college 
studenLs exhibited misconceptions. Furthermore, only one student in die total 
sample of300 mentioned random moleculiir motion, fourmendoned concentration 
gradient, and six recognized molecuhir motion as importimt to the process. One 
college student defined iuid nruned Brownian motion. 

The authors concluded iliat certain misconceptions about diffusion prevail 
across grade levels, a molecuhir perspective of diffusion increased with grade 
level, additional exposure to diffusion as one prcKceds through school does not 
lead to greater understiuiding, and students frequendy use errant vocabulary when 
describing diffusion. 

High sdwol level 

Students' everyday understandings often differ from their scientific 
understandings of the same phenomenon. Haidar and Abraham compared 1 1th 
and 1 2th grade chemistry students' (n= 1 83) applied and theoretical knowledge of 
dissolution, diffusion, effusion, and statesof matter. Students' reasoning abilities 
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tneaunenl group. It Ls important to note that the authors chose to refer to the 
comparison/control group as the "uninstructed" group because virtually no 
science is taught in the priin^iry grades ol* the Ithaca public school system. The 
treatment group received an audio-tutorial program consisting of 28 lessons 
forming a coherent conceptuid sequence developing ideas of matter and energy 
and the interrelationships in both living and non-living things. The format of the 
science lessons attempted to capitalize on the use of advance organizers and was 
consistent with Ausubelian learning theory. 

The specific purpose of the investigation was to assess the effect of early 
instruction in basic science concepts on subsequent learning. Clinical interviews 
(following aPiagetian ibrmat) iuid concept maps derived from interview transcripts 
constituted the data set. Students were interviewed approximately seven separate 
times spanning the 12 years of the investigation. Although the audio-tutorial 
lessons covered a broad nuige of topics, the authors chose to focus their analysis 
(in later grades) on the topic of particulate nature and the behavior of solids, 
liquids, and gases. 

The specific findings with respect to students' understandings, 
misconceptions, and chiuiges in conceptual understandings are too numerous to 
elaborate here. However, the results clearly indicated that those students who had 
completed the audio-tutorial progriun exhibited many more valid conceptions 
and fewer invalid conceptions in grades 2, 7, 10, and 12. The authors concluded 
that provision of high-qujility science instruction can significantly enhance 
students* undersUmding of science in grades 1-12. In particular, it was surmised 
that "only a relatively few hours of quidity science instruction in grades one and 
two can have a discernible infiuence on science learning throughout the school 
years" (p 149). 

Reasoning and Problem Solving 

At a more globid level Uimi specific conceptions, it is also well recognized 
that students possess developmental or Iciimed patterns of reasoning that they use 
when approaching problems or Uisks in science. 

Elementary school level 

Marek and Meth ven investigated tlie relationships mnong teachers' attitudes 
and implementation of in-service developed science materials and elementary 
students' conser\'ation reasoning and language use. The sample consisted of 16 
teachers (expcrimenud group) from grades K-5 who participated in a summer 
workshop. Tte workshop was designed to promote undersUmding that science 
is as much a search for knowledge as it is die knowledge, a constructivist leaching 
approach is neccssiiry to teach students Oiat science is a search for knowledge, and 
teachers' mustcreatecurriculum (leiiniing cycles) diat idlow students toexperiencc 
science. Eleven teachers were identified by die experimental teachers, to serve 
as a comparison group, based on the criteria of simihir years of experience, grade 
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level taught» and expository teaching approach. Ten students were randomly 
selected from each of the experimental aiid comparison teacher's classrooms and 
were interviewed (pre and post instruction) with respect to conserN ation reasoning 
and descriptive language for the concept of property. The Piagetian clinical 
interview format was used. Additional data was collected with a 26 item 
wwkshop evaluation qucstionnjurc (teachers' characteristics, attitudes, and degree 
of learning cycle implementxUion) which was administered prior to the workshop, 
immediately after the workshop, and 10 months after the workshop. 

The collected data indicated that teachers involved in the workshop did 
implement the materiids developed during the workshop. Students in the classes 
of workshop participants exhibited greater gains in conservation reasoning. 
Experimental students exhibited a 44% gain in conservation reasoning while 
comparison students showed gains of only 17%. The authors concluded that these 
differences may be attributed to the numerous direct experiences or learning 
cycles provided by the experimcntiil teachers. It was further inferred that these 
experiences allowed students to manipulate objects, make observations, record 
data, interact with other students and the teacher, invent concepts, and apply the 
concept to other situations. The Iciirning of students in the comparison (expository) 
group was compromised by the lack of such experiences. 

Metz argued that cxiuninalion of children's' explanations provides a more 
powerful perspective on their developing understanding of causality. 
Consequently, changes in students' explanations fonned the focus of her 
investigation. The smnple consisted of students of ages three, five, seven, and 
nine. Eight students from each age level were selected with the three year olds 
randomly selected from a university laboratory schcx)! and the other students 
randomly selected from a public schcx)l of middle scKioeconomic status. Data 
was collected through clinical interviews in which students made predictions 
about 14 tisk situations involving movement and j;imming of gears. The author 
and assistiint quidilalively analyzed protcKols of the subjects' interviews. 

The data indicated increasing undersl;inding of causality with age with three 
phases of development di slinguished: function of object as explanation, connections 
(among gear elements) as explanation, and finally a mechanistic explanation. 
Two forms of fundamenuil change were noted by analysis of explanation 
development from one phase to the next: nidical substitution (where one explanation 
is supplanted by the next) and transforming incorporation (where one explanation 
fonns the basis for the next and is also tnmsfonned within the new conceptualization 
of causality). Within individual phases, incremental changes were primarily in 
the form of differentiation and decomposition. 

Eletnentary/hi^h school level 

Whitel(H:k tested a formal causal model of thinking with a sample of students 
ranging in age from 7 to 1 6. 'Hie model was derived from a systemic network that 
was based on a common analysis of causation that suggests that for any type of 
motion to take place there must be a cause that can be circumstintial or specific 
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to the object. A matching-pairs paper and pencil task was developed in which 
subjects were aske<i to distinguish between examples of nine common motions 
(e.g., walk, push, jump), comparing the differences between the causes of these 
motions. A total of 49 comparison pairs were included. A separate task was 
designed to test the notion of animacy for each of the nine motion types. A total 
of 215 students from four sepjirate schools were administered the matching-pairs 
test. A sample of 30 seven yciu^ olds and 27 sixteen year olds were administered 
the animacy task. 

Theoretical predictions derived from tlie fonnai mtxlel of causation were 
more accurate for older students than younger students. In addition, there were 
differences between students* responses with respect to age with the smallest 
differences existing between the 10-14 and 12-14 age groups. Whether the 
motion involved an animate or iniuiimate object affected students* responses. 
When an "animacy allowance** was included, the accuracy of the causal model's 
predictions were improved for each age level. The author concluded that notions 
about animacy are impt)rtJint considerations in the understanding of movement 
for students of all ages and should not be omitted from any models of students* 
common sense thinking about motion. 

Muldle/high school level 

The influence of students* social-cultural background on the development of 
spatial conceptual structures was tlie fcKus of Cohen and Akarsu\s investigation 
Oi sixth and tenth gmde students in Turkey and Arizona. Specifically, 34 sixth 
grade students; and 34 tenth grade students were selected for participation in the 
study. All sixth graders were presently studying mathematics and science, while 
for tenth graders, only the Arizona students were currently studying both 
mathematics and science. A set of 10 Piagetian tasks designed to assess students* 
projectiveand nuclidemi spaliiil tliinking abilides were individually administered 
to each of tiie students in his/her native language. Statistical comparisons 
between the pcrforinmice of sixth grade students and tenth grade students, from 
Arirona and Turkey, were made for each of the 10 tasks. 

In 14 of the 20 tasks» statistically significiuit differences were found, with 1 1 
favoring the Arizona students. Allliough the authors strongly emphasized that 
absolute cause and effect conclusions could not be reached, they did speculate 
about the possible influence of pziinting and sculpturing being historically 
forbidden witiiin Turkish society. The lack of practice with three dimensional 
representations of rciility may have been one factor contributing to the apparent 
lag of spatial ability development in Turkish students. Regardless of the actual 
causal factors, the results clearly indicated tliat teachers need to be sensitive to 
potential cultural-specific patterns in reasoning when designing maJiematics/ 
science curricula imd instruction. 
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High school level 

The role of fonnal operatioiuil reasoning in students' CTitical thinking 
abilities and grades received in science and mathematics was investigated by 
Bittner. A sample of 101 students in grades 9-12, from a small naral school, was 
administered the abbreviated Group Assessment of Logical Thinking (GALT) 
and the Watiion-G laser Critical Tliinking Appraisal (WGCTA). At the end of the 
school year, teacher-assigned grades in mathematics and science were also 
recorded. 

Using a 95% confidence interval, all five fonnal operational reasoning 
modes (as measured by the GAI.T) were found to be signitlcanl predictors of 
critical thinking abilities (as measured by the WGCTA) and of grades assigned 
in science and mathematics. The overwhelming majonty (63%) of the sample 
was categorized at the concrete operational level, and probabilistic reasoning, in 
general, contributed the hirgest proportion of the variance in critical thinking. 
Formal operational reasoning cxpliiined 62% of the variance in science grades, 
but only 29% in mathematics. The audior concluded that instructional approaches 
should emphasize prcKcdural knowledge as well as dechirative knowledge. 

Johsua and Dupin attempted to discern the differences between students 
who can successfully complete a physics problem and those who can not. In 
particular, they fcKused tlieir attention on the students' cognitive m.echanisms and 
procedures. Four classes of French physics students (n=156) were observed 
during instruction (approximately 38 hours) on electric circuits. A series of five 
tests (each containing 2-3 problems) was uiken by students during the observation 
period and comprised the data for Uie investigation. A model answer was 
prepared by teachers for each of the test problems and used as a reference point 
for comparison with students* problem solutions. 

Overall there were no differences noted iimong the four classes of students. 
On the standiird type problems (problems simihir in content and form to those 
done in class) there existed a dose correspondence between teacher and student 
approaches. In addition, such problems provided little discrimination amon^ 
students perfonning at different levels of achievement. As expected, the "good" 
students were more successful at handling problems considered to be "innovative" 
or different in type and content to those previously completed in class. Those 
problems considered to be "implicitly dilTicuIt" discriminated most clearly 
betwec n "good" iuid "average" students. Such problems appeared, on the surface, 
to be simihir in form and content to those discussed in class but contained subtle 
differences that often led students to incorrect solutions. 

The aud^ors concluded that a "problem for the student" exists whenever the 
standard solvnig procedure previously provided by the teacher is not available or 
appropriate, lliis effect was piirticularly noted for the "average" students, the 
ones on whom an improvement in physics teaching would presumably have the 
greatest impact. 

The constructivist hypotliesis that the acquisition of domiiin-specific 
conceptual knowledge (decljirative knowledge) requires use of general procedural 
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knowledge was tested by La wson, McElrath, Burton, James, Doyle, Woodward, 
Keiierman, and Snyder. The sample consisted of students (n=314) enrolled in 
ten sections of high schcK)l general biology and ten sections of high school general 
chemistry at two high schcK)ls. Skill in hypothelico-deductive reasoning was 
assessed with 12paper and pencil items. Ability to acquire novel domain-specific 
concepts was assessed with a series of four concept-acquisition puzzles. Several 
students were asked to respond to some of the items in taped individual 
interviews. 

Sixty-one students (19.4%) were classified as intuitive thinkers, 184 (58%) 
as transitional iliinicers, mid 69 (22%) as reflective thinkers based on their 
hypolhetico-deducti ve reasoning skill scores. Assessing the relationship between 
developmental level and concept acquisition indicated that the majority of 
intuitive thinkers perfonned relatively pcK)rly on ttie concept acquisition tasks» 
with only 3.3% correctly completing lUl four tasks. Alternatively^ 43.5% of the 
reflective thinkers correctly completedall four tasks. Partial correlation coefficients 
indicated that hypoUieiico-deductive reasoning skill as opposed to age/experience 
is the primary factor in successful concept acquisition. 

The audiors concluded the constructivist hypothesis that acquisidon of novel 
domain-specific concepts depends upon the use of more general knowledge was 
supported. It was reconunended that instruction be designed and implemented so 
that students* acquisition of necess^try reasoning is facilitated. As science is 
presently taught» it was concluded* reflective students have a decided advantage 
over intuitive students in acquiring virtually all concepts presented. 

Students* reasoning in science has historically been assessed in a variety of 
ways. Lopez-Ruperez, Palacios, and Sanchez investigated the relationship 
between the field-dependence/indcpendence (FDI) dimension of the Group 
Embedded Figures Test (GEFT) imd tlie Longeot test of Piagetian level of 
development. The sample for tlie investigation consisted of 94 students enrolled 
in the third ye^ir of Spanish secondiu-y eduaition {mean age=16.9 years). The 
sample was selected such that only individuals with extremes along the field 
dependence/independence continuum were included All subjects were 
administered the Longeot lest ^md GFFT. 

The results indicated tliat the FDI dimension and GEIT correlate significantly 
on only tliose items on ihc Longeot test that require formal reasoning. The effect 
of open or closed item format wils found to be specific to formal reasoning items 
with only tlie open fomiat items discriminating i>ctwecn field-dependent and 
field-independent students. The authors recommended that a mixed-model 
evaluation phui could be employed by teachers wiili closed formats reserved for 
questions that require formal reasoning imd open fonnats for those that do not. 
lliey also reiterated tlie idea tliat curriculum adequacy should consider individual 
differences lunong students within the siune Piagetian level. 

Postsecondary level 

Dee-Lucas and Larkin investigated the effects of equation-based proofs on 
undergraduate level ccJlege students* proof comprehension. The sample was 40 
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Carnegie Mellon undergraduates who had not completed more than one semester 
of college physics. Subjects participated individually, with each being asked to 
read two passages related to Pascjil*s principle and the equation of continuity. 
One passage was equation -based v/hile the other was in verbal format. The 
sequence of passage reading was counterbalanced to remove sequence as a 
variable. The participants were required to read both passages before attempting 
to complete the problem solving tasks asscx:iated with each. Completion of 
problems was performed in the same sequence as the passages were read. 
Logistic regression analyses were used to analyze the resulting data. 

Of most interest was the finding that passage format (equation-based or 
vcibal) influenced perfonnance on problem solutions. In particular, performance 
on proof questions was signiflciintly better for Uie verb^ll format while atrend was 
evident indicating perfonnance on direct application problems to be better for the 
equation-based format. After analyzing the data to explain why the verbal proof 
format improved pcrformjuice on prcx)f questions, the authors concluded that the 
verbal presentation improved subjects* understiinding of thequantitati ve relations, 
and it also encouraged attention to nonquantitiitive information in the text of the 
passage. It was also cle<ir thiU leiuiiers had more difficulty prcKessing equations 
than verbal statements contiiining the s:une content. The authors further elaborated 
that novices tend to give speciid sliitus/importance to equations when they are 
presented in science texts and may ignore other types of infonnation. Alternatively, 
when a proof docs not include equations, the novice is more likely to spread his/ 
her attention more evenly across all of the infonnation presented in the proof. 
Consequently, it was suggested that the traditional equation-based format for 
presenting nr(K)fs is not optimal tor enhancing proof learning by novices. 

ll^e ability of novice students to solve problems in electrostatics was 
investigated by McMillan and Swadener. In i»articular, six students enrolled in 
the second semester of introductory calculus-based college physics comprised 
the sample for the investigation. Five of the students were physics majors and one 
was an engineering major. Based on self-report tuid substantiated by instructor, 
grade point average, and final course grade, five of the subjects were classified 
as *'A** or "B** students and one as a **D" student. Iimnediatcly following course 
instruction on electrost'itics, each of the subjects was asked to verbalize all 
thoughts while completing m\ electrostatics problem. After completing the 
problem, subjects were asked to comment about any assumptions made, 
conceptions of various aspects oi Uie problem, and the qualitative aspects of the 
problem. During problem solution, subjects were allowed to use any aids (e.g., 
text, notes) and as much time as needed. All interview sessions were videotaped 
and analyzed for problem-solving procedures and tlie presence of quaUtative and 
non-quantitative problem-solving metliods. 

Qualitative data analysis indicated thai, in general, students possessed major 
misconceptions and did not use qualitative tliinking nor did they conceptualize a 
problem simation when solving problems. The primary characteristic 
distinguishing "A* and "B** students from tlie "D** student is facility with equation 
manipulation, not conceptual understanding of physics. T\\c "A" and "B'* 
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students were successful in identifying, either from memory or written notes, 
relevant equations while tlie "D" student could not. It was concluded that current 
instructional techniques in college physics focus on acquisition of correct 
quantitative solutions at the expense of qualitative understanding. The authors 
reconunended that consis tent emphitsis be placed on the quantitative and qualitative 
aspects of all problem situations. 

Niaz (a) investigated the reasons why students can succeed and fail at the 
accomplishment of different tasks that apparently have the same logical structure 
(i.e., fwmal operational). The siunple for the investigation consisted of 72 college 
freshmen enrolled in two sections of an introductory chemistry course in 
Venezuela. All students were administered paper and pencil tests designed to 
assess formal operatiomd reasoning, functional M-capacity Figural Intersection 
Test), structural M-capacity, cognitive styles (Group Embedded Figures Test), 
anda general intelligence factor (Raven test). The resulting data clearly indicated 
Ihiit Pascual-Leone's structund M-capacity was the most consistent predictor of 
success in the different fonn^d reasoning tasks used in the investigation, followed 
by the Group Embedded Figures Test, and to a much lesser degree Raven's 
progressive matrices, and Pascutd -Leone's functional M-capacity. It was 
concluded that the results emphasize the importance of individual difference 
variables and that, in formal reasoning tasks, we should expect horizontal 
decalages as the rule and not tlie exception. 

The reasoning evident in medical students' causal expUmations for a 
physiological problem were assessed by Patel, Kaufman, and Magder. The 
sample for this investigation consisted of 40 first year medical students at McGill 
University who were attending a series of regular lectures on cardiopulmonary 
physiology. An essay question related to a hypt)thetical clinical situation was 
added to the regular examination Uiken by all enrolled students. Two phases of 
data analysis were pursued. Initiid anidysis simply identified the "facts" and 
information used by respondents in describing the problem. The second phase 
compared students' causal networks evident in the problem solution (as created 
by the researchers) with a causal network used as a reference model. This 
comparison enabled the researchers to identify students' reasoning patterns and 
misconceptions evident in tlieir approach to the problem. 

The results indicated that the fiist year medical students possessed several 
significant misconceptions in reasoning related to ventilation/perfusion matching. 
In particular, the students exhibited difficulty in conceptualizing the 
cardiopulmonary system as a closed mechanistic system. In addition, subjects 
were unable to accurately relate clinical findings to pathophysiological 
mani festalions. Tlie aulliors concluded by mising llie obvious question concerning 
medical schcxils' ability (in a limited time frame) to provide the basic science 
knowledge background necessiiry to support llieir goal of clinical problem solver. 

The perform^mce of chemistry students in solving stoichiomelry problems, 
having been exposed to a lecture or interactive tecliniques, and the effect of 
certain cognitive viiriables on ilieir performance, was investigated by Robin.son 
and Niaz. Eighty-two students were selected from two sections of a remedial 
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college ciiemislry course. A^ssessmenLs of students' formal operation reasoning 
(Group Assessment of Logical Thinking), M-capacity (Figural Intersection 
Test), and Disembedding abi li ty (Gro up Embedded Figures Test) were conducted. 
Assessments of stoichiomeiry undersiiinding were made from standard type 
problems with varying levels of M-demand. The control group received traditional 
instruction over 10 weeks wiu* weekly quizzes. The treatment group was 
provided with oppc)rtunities to actively engage in concept development and 
problem solving, during which there was emphasis on introducing operational 
schemes that stress verbal rather than numeric' relationships prior to perfonning 
calculations. 

Results indicated there were significant differences between treatment and 
control groups favoring the treatment group, even though the treatment group had 
fewer examples on which to practice. In both sections, those with higher fonnal 
reasoning skills tended to perfonn better than those with lower formal reasoning 
development. Interestingly, those witli lower infonnation-processing capabilities 
(FIT) in the interactive group outperformed those with higher scores. The 
opposite was observed in the lecture section. The authors concluded that 
interactive instruction dcx^s not challenge better students to increase the 
effectiveness of their information-prcKCssing capacity. 

Pascual-Leone' s and Case' s neo-Piagetimi theories were tested by Roth and 
Milkent. Specifically, the relationships between the developmentof proportional 
reasoning strategies and three cognitive variables were examined. The sample 
consisted of 34 non-science majors enrolled in an introductory physical science 
course. An eight-item test containing the recipe problem, Mr. Tall and Mr. Small, 
and six juice-mixing problems was used to categorize the subjects as formal or 
concrete operational reasoners (less than two correct responses). 

Twenty-three of the subjects were categorized as concTCte operational. All 
of the subjects tcK>k four tests: Figund Intersection Test (FIT), Backward-Digit 
Span Test, Group Embedded Figures Test (GEFT), and the Ratio Span Test. A 
posttest, consisting of fivejuice-mixing and five probability problems, were used 
to assess the effect of tre<itment and transfer. The pc^sltest was administered two 
weeks after each individual's last treatment. The treatment for the investigation 
consisted of proportion problems at five levels, presented by computer, for which 
the subjects were asked to "tliink aloud" as they attempted a solution. Only the 
23 students classified as concrete operational were exposed to the treatment. 

After a maximtun of six hours, 17 of tlie 23 subjects had induced ratio 
schemata at the upper formjil level with the remaining subjects operating at the 
lower formal level. Data analysis showed that neither M-space and degree of 
field-independence nor-short term storage predicted the number of problems 
students need to do until they induce an appropriate problem solving strategy. 
Significant differences in short-term storage space existed between tho.^^ students 
solving ratio problems at the highest level and those that did not. Finally, field- 
independence was not found to be a predictor of either ability to transfer problem 
solving strategies or the reuse of inappropriate strategies. 

The puthors concluded that a triuning program derived from a developmental 
analysis in terms of the short-term storage space demand of the task could help 
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students develop complex problem solving skills. It was also inferred that the 
construct of shorl-ienn storage space could enhance science and mathematics 
teaching and learning. In short, educational programs could use a developmental 
analysis to create a match between the demands of the task and the storage space 
of the learner. 

Roth, using the same sample as Roth and Milkent, studied the factors 
involved in the development of reasoning with respect to balance beam problems. 
As previously described, the 34 subjects were classified as concrete or fwmal 
operational (23 concrete, 11 fonnal). All subjects completed the Test of 
Numerical Reasoning Ability (TNIRA) and the Ratio Span Test (RATIO). Tlie 
23 concrete reasoners were asked to "think aloud" as they completed balance 
beam problems at five levels. The results indicated that there does not exist an 
invariant sequence of behaviors in which subjects must engage in order to induce 
the product-moment rule, strong correlations exist between the number of 
problems needed to induce the prcxluct-moment rule and the cognitive variates 
measured by TNIRA and RATIO, tlie frequency of behaviors avoiding unsuccessful 
strategies and the monitoring of one's search for a solution were significantly 
related to inducing the rule, and RATIO was significantly related to behaviors that 
facilitated the inducing of the rule. As with the Roth and Milkent investigation, 
it was concluded that short-tenn storage space should be given considerable 
attention in the design of curriculum and instruction. 

Rozier and Viennot investigated students' and teachers' reasoning as they 
completed problems in thennodynamics. The smnple consisted of 2,000 students 
spanning all fou r years of undergniduate st udies and two years beyond baccalaureate 
studies at the University of P^iris and 29 teachers enrolled in an inservice program. 
A series of 1 1 questionnaires containing various thennodynamics problems were 
completed by participjints. Qualitative Jinalyses of responses from four of the 
questionnaires comprised the reported results. 

Students' and teachers' reasoning patterns were found to be quite consistent 
with the following patterns noted. Both groups tended to simplify the problem 
at hjind by omitting discussion/inclusion of certain variables in a process termed 
by the authors as "functionid reduction." This reduction in variables considered 
was often accomplished through the combining of variables (e.g., mean distance 
between two particles and mean kinetic energy). A linear causal reasoning based 
on an artificial chronology of events was also used to simplify and solve 
problems. The authors concluded thatsuch reasoning will most likely result from 
classrcK)m instruction, and tiiat although less popular than content-specific 
objectives, more direct attention to tJie types of general reasoning patterns we 
expect our students to leani must be included within science instruction. 

Conceptions of Science 

How students view science as a way of knowing iuid the development of 
scientific knowledge has been a perenni:il concern of science educators. Grosslight, 
Unger, Jay, and Smith focused on individuals' understanding of models and 
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their use in science. Their primary purpose was to characterize the nature of these 
conceptions, examine the criteria used to define mcxieis» and relate conceptions 
of models toepistemological viewpoints. The subjects included 33 mixed-ability 
seveni grade students, 22 eleventh grade students enrolled in an honors science 
class, and four adult experts (i.e., museum director, high school physics teacher, 
professor of engineering and education, and cognitive science researcher). 
Clinical interviews were used to elicit subjects' conceptions of the term "model" 
as well as how models are used in science. A scoring scheme for interviews was 
derived from qualitative analysis of data as opposed to being imposed a priori. 

Virtually all of tlie students in both grades referred to models as concrete 
objects as opposed to representations of ideas, while the experts viewed models 
as falling into two categories: physiciU and abstract. Seventh graders believed 
models were used to show or demonstrate what something is or does while 1 1th 
grade students thought the purpose was to help someone understand and teach. 
The experts unan Lmously said mcxJe Is existed as <uds to understanding phenomena. 
With respect to the design of models, both groups of students felt that one would 
have to "think about the real thing" while the experts fcK^used on the purpose the 
model was supposed to achieve. It was concluded tiuit students* conceptions of 
models were consistent wiih a naive realist epistemology, with experts' views 
being more consistent with a constructivist friunework. Furthennore, only about 
half (58% of the 7th jjradcrs and 50^^ of die 1 1th graders) of the students used 
consistent criteria when asked to describe whether an item was a model, while all 
of the experts applied at least one criterion consistently across all four items 
presented in the interview. 

The authors concluded tluit students need more experiences using models as 
intellectual tools, more experience with models that provide contrasting conceptual 
views of phenomemi, and more discussions of tlie roles mcxlels play in scientific 
inquiry. 

How high school students conceptuiilize science and the production of 
scientific knowledge was die focus of Larochelle and Desautels* research. A 
sample of 25 students (ages 15-1 8), who had completed an average of six courses 
in science, were interviewed concerning the nature of science, sources of 
scientific knowledge, mid **rules" for the development of scientific knowledge. 
Following the semi-structured interviews, comparative and consUint analysis 
techniques were used to analyze the collected daUi. In general, the students held 
die view that science **feeds itself on evidence" and is a matter of numbers, 
formulas, and compulsive experiments. More simply put, students felt that die 
production/development of scientific knowledge is only a matter of putting 
empirical evidence into numbers or words. The audiors concluded diat die 
"didactic contract," wliich typifies science instruction masks \i\c fabrication of 
scientific knowledge mid places die student in the posiuon of simply trying to 
am ve at problem solutions that resemble tlie accepted solutions. The authors were 
careful to note how dilficult it is to distinguish between students' personal 
conceptions ol science mid Uieir represcntalions of sclKX)l-biised learning activiues 
in science. 
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How students view the scientific enterprise is considered to be a critical 
aspect of students' ability to develop a conceptual understanding of scienUfic 
concepts. Songer and Linn specifically assessed the influence of students' 
views of science on the ability to develop an integrated understanding of 
thermodynamics. The subjects were 153 eighth grade students enrolled in a one- 
semester physical science course. Students were assigned to one of six classes, 
which were all taught by the same teacher. Instruction followed the Computer as 
Lab Partner (CLP) curriculum which emphasizes hands-on experiments using 
computers that are on line to real-time data collection devices. Students 
completed activities in groups of 3-4. Prior to instruction all students were 
administered the 21-item Views of Science Evaluation and the Heat and 
Temperature Evaluation. Following instruction, students completed the Heat and 
Temperature Evaluation and Prototype Integration Evaluation. 

Scoreson the Viewsof Science instrumentindicated that 15% of the students 
possessed a dymunic view of science, 2 1 % a static view, and 63% a mixed view, 
it was concluded that most of the sludenLs had not integrated their views of science 
with their ideas about learning science. As anticipated, there was a relationship 
between students' beliefs about the nature of science and their tendency to 
integrate the knowledge presented in tlie CLP curriculum . Students with dynamic 
views about science were more likely to develop integrated understandings of 
heat energy and temperature \hvd\ students with static viewpoints. With respect 
to principles or prototypes serving as loci for integration of knowledge, students 
generally preferred principles. However, students with more practice using 
prototypes preferred prototypes over principles. The authors concluded that 
students' beliefs about science are imporumt and complement the development 
of thermodynamics knowledge, lliey also emphasized the importance of 
explicitly focusing on knowledge integration in helping students understand 
science phenomena, because students typiciilly do not automatically integrate 
knowledge presented in isolation. 

Cognitive Style and Study Strategies 

Research on students' genenil preferences and styles when learning new 
subject matter has had a long and rich history. Interestingly, only a two studies 
were noted with this specific f(x:us. There has, however, been a recent focus on 
student learning chiiracteristics related to the development of conceptual 
understanding as opposed to the simple description of students' conceptual 
understar'Hn^s. The former comprised the focus of Hegarty-Hazel and Prosser*s 
(a & b) two studies of students enrolled in a first-year college level physics course 
for life science majors {n-12) imd an introductory biology course (n=36). The 
topics of "electricity" mid **photosyntliesis" were of particular interest to the 
reseiu-chers. Students' achievement was measured by multiple-choice questions 
related to the topics of interest. Students' study strategies were assessed using the 
Biggs' Study Prcx:esscsQueslionmiire,imdtlieirknowledgestnicturesof electricity 
and photosynthesis were assessed with concept-mapping tasks. Concept maps 
were completed prior to and following instruction. 
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Pre and post concept map comparisons indicated significant increases in 
correct propositions and internal integration, but not with respect to internal 
differentiation. Deep study strategies (relating new material to previously 
learned material) were positively related to pre and post concept map structures 
as well as achievement. Further statistical amdysis indicated that the deep study 
strategy was related to inlem:il correctness of llie concept maps while external 
correctness was related to lK)th low scores on the surface study strategy 
(memorization) and high scores on tlie deep study strategy scale. 

The combined results of the two investigations led the researchers to 
conclude that the study strategies adopted by students do affect what they learr. 
Deeper and more meaningful strategies are asscKiaied with better developed post 
iastructional knowledge and more surface strategies witli less developed post 
knowledge. The signitlcanl impact of prior knowledge on what and how students 
learn is consistent with Ausubcliiin theory and implies that even in that which do 
not formally require certain levels of prior knowledge, such knowledge has an 
effect on the adoption of study strategies, and subsequently and indirecUy on 
achievement. 

McRobhie investigated llie inHuence of students' educational set and 
cognitive preference on knowledge iind cognitive orgjmization outcome variables. 
The sample consisted of 160 high sch(X)l chemistry students selected from intact 
classes in five randomly selected schcx)ls. Classes within each school were 
randomly assigned to alternative instructumal treatments. One instructional 
approach was designed to reflect the infonnation-processing style of the factually 
set and the other the conceptually set learner. The topic presented in each of the 
14 class period units was the electrcKhemical series. Prior to implementation of 
the instructional treatments, all students completed measures of cognitive 
organization, cognitive preference and educational set, and subject-matter 
knowledge. Following inslructionid treatment, each group was again administered 
the measures of subject-matter knowledge and cognitive organization. 

Analysis of tlie two treatment groups' pretest scores showed no sii^nificant 
differences on any of the viiriables of interest. Regression analysis indicated that 
educational set and cognitive preference (in combination) were significanUy 
(accounting for 34% of the viiriance) related to subject matter knowledge (for 
both factual and conceptual knowledge). The two cognitive style variables were 
also significantly related (accounting for 17% of the variance) to students' 
cognitive organization. The author concluded that students' cognitive style is 
clearly important as an independent variable contributuig uniquely to achievement 
and cognitive organization in the context of general ability, prior cognitive 
organization, and knowledge viiriables. It was further suggested thaldevelopment 
of students' cognitive preferences should be considered an important objective 
for science edixation. 

Comments 

Research on students' conceptions luid alternative conceptions along witli 
investigations fcKusing on students' reasoning md problem solving clearly 
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dominated ihc volume of researcli in the Cognition and Achievement category. 
This trend was not unexpected and simply serves to reinforce the current 
emphasis on constructivism, conceptual change, and higher level thinking. 

Over 90% of the research rept)rls ftKusing on students' conceptions/alternative 
conceptions related specifically to physical science concepts and processes with 
little attention given to the life sciences. Given the apparent trend of investigating 
students' conceptions of every possible concept and process, it is intriguing that 
such disproportionate attention Ikis been given to the physical sciences. There did 
not appear to be any relation between the grade level of students and the type (life 
versus physical) of concept studied, llie seemingly natural recommendation 
would be to have tlie reseiirchers wiU) a life science background step up their 
production. However, there is a bigger issue concerning where this line of 
research will end. In particular, one hopes that we do not have to investigate 
students' conceptions for every concept or process included in science curricula, 
across ail grade levels, before practical directions can be provided to classroom 
teachers. Think of the implications if this is actually the case. In the name of 
parsimony, it seems tliat more rescjirch needs to be pursued which investigates 
similarities in the types of conceptions/jiltemative conceptions students possess. 
For example, are there specific simihiriiies between concepts such as electricity 
and force that lead to alternative conceptions which arc also similar in nature? 

The varied meanings of scientific and colUxjuial v(x:abulary has previously 
been identified as a critical source of students conceptions. With the exception"' 
of only two studies, however, this line of research appears to be receiving less 
attention. 

The assessment of students' conceptions and alternative conceptions is 
appropriately becoming more qualitative, but it remains troublesome, specifically 
with respect to representation of conceptual structures. Techniques such as card 
sorts, concept maps, mind maps, semantic nets, etc. still communicate relatively 
static representations wiili imposed structural limitations. Researchers would be 
well advised to investigate techniques thiit iifford students more flexibility in how 
they represent their conceptualizjitions. Given the dynamic nature of students' 
conceptualizations, we should be using the "motion picture" as a model as 
opposed to a "still photograph." Although Novak and Musonda used concept 
maps extensively, their longitudinal investigation was a step in the right direction, 
as it vividly showed the dyniunic (although sporadically across long time periods) 
nature of students' conceptual representations. The reader is referred to an 
excellent conceptual article (Reif and Larkin) for an in-depth discussion of 
students' cognition in scientific luid everyday domains. 

The research related to reasoning <uid problem solving remained focused on 
a Piagetian perspective. With few exceptions, this research was well conceived. 
Given the lag time that permeates science education publications and the current 
trends noted at professioniil meetings, one would expect the Piagetian dominance 
to gradually give way (if it has not already done so) to a more Ausubelian 
perspective. For an excellent discussion of some difficulties currently perceived 
within Piagetian ilieory . the reader is referred to a piiir of conceptual articles in the 
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same issue of JRST (La wson; Niaz,!)) . Taken together the investigations of Dee- 
Lucas and Larkin and McMillan and Swadener indicate that facility with 
equations may allow students to achieve, but such achievement may not be an 
indication of conceptual undersumding. Of particular interest was the finding tUat 
equations somehow possess a higher status than verbally presented information 
causing students to often overkx)k important qualitative aspects of a problem. 
Clearly, more research is needed concerning the effects of problem format and 
presentation on students' problem solving success and level of understanding. 
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Affect and Characteristics 

As was the case in the Reseiirch on Teaching section of this review, student 
characteristics and alTect were combined because of their interrelated nature. 
Student characteri sties and affect were defined i n the broade st sense: demographic 
aspects of student populations and students* beliefs, perceptions, and attitudes 
and interests toward and about science and science programs. In organizing these 
articles, four major categories of research emphases were derived: affect toward 
and about the various aspects of science and science programs, including 
instruments used to measure these constructs; gender issues in science participation; 
variables that influence students' choice to pimicipate in science-related activities; 
and the influence of cultunil beliefs on the acquisition of scientific beliefs. This 
last category of articles includes studies from around the world. 

Science Rela^'.ed Affect 

The relationship between affect and achievement in science was examined 
by Rennie and Punch in two stages. First, a mcxlel was developed and tested for 
science-related affect, comprehensively defined as the complex of students' 
attitudes toward, interests in, and perceptions about science at schcxil. The model 
conceptuahzes science-related affect as a global variance with causally related 
components: Students' enjoyment in and enthusiasm for science are determined 
by their perceptions of their past performmices in science, their expected future 
performance in science, and the perceived usefulness of science in school. The 
LISREL approach to path luialysis was used to demonstrate the fit of the model 
to data collected for eightli-grade students (A/=342) in two different schools on 
two different (Kcasions six months ap:u-t. In the second stage of the research, 
muldple linear regression was used to exmnine the direction of the relationship 
between science-related alTect and achievement and to apportion variance 
common between previous and subsequent achievement and the components of 
science-related alTecl. It was found tliat :ilTect is related more suongly to previous 
than subsequent achievement and that much of the common variance can be 
attributed to students' perceptions of Uieir competence in science. 

In anodier attempt to understand why students act as liicy do in science 
classrooms, Ray collected diila from students in grades three through eight 
(A^=377) in order to identify tJie deiennimuits of iJieir intentions to perform 
laboratory and non-laboratory science activities, Fishbein and Ajzen's theory of 
reasoned action, which states that the immediate determinant of behavior is 
intention, was used its the basis for Uie study. Intention was detennined by the 
weighted attitude toward the behavior (personal feelings about performing the 
behavior) and the weighted subjective norm (perceptions of the scKial pressures 
to perform). Attitude towju"d behavior and subjective norm were determined by 
combinations of beliefs, evrd nations, imd motivations to comply. Definable cores 
of vsalientbeiiefs related to attitude toward laboratory and non-lab(^ratory behaviors 
were elicited and were significiuilly correlated wiiii students* attitude toward 
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behavior (whether or not to piiriicipale) and subjective norm (sources of pressures 
to participate). The behavionil intentions of the students were predictable based 
upon their attitude toward behavior and subjective norm. Attitude toward 
behavior had a greater relative weight than subjective norm for both laboratory 
and non-laboratory. The correlations between adjacentconslructs in the theoretical 
model were significant in all cases. The author notes that these findings can be 
used to understand and predict childreir s intentions toengage in science activities. 

Three studies in diis section exiunined the role of teaching strategies on 
students attitudes toward science, or exiunined the factors that contributed to 
students* positive attitudes toward science and science instruction. In the first of 
these articles, Ajewole investigated the effects of discovery and expository 
instructional methcxLs on die attitude of students in biology. Six intact classes of 
40 Form IV (tenth grade) biology students, randomly drawn from six selected 
secondary schcwls in the Oyo suite of Nigeria, were assigned to experimental and 
control groups. The expcrimentid group was taught ecology concepts using the 
discovery method while the control group was taught die same content through 
expository metliods. A non-r;uidomized pretest-posttest control group design 
was employed using die 40-item Scientific Attitude Questionnaire. Analy.sis of 
the results showed that the experiinenuil group scored significantly more favorable 
attitudes toward biology diiui Uieir counterpiuts in the control group. Further 
analysis revealed that diis trend held true when scores were compared with the 
high-, average-, and low-ability groups. No significant difference in the attitude 
of male and female students exposed to the discovery and expository meOiods 
existed, however. Tlie iulicle concludes with Uie recommcndatior diat science 
learning using discovery methods may enable the leiuiier to ' jvelop a more 
favorable attitude towiad problem recognition and problem solving than when 
learning is done by expository methods. 

Spector and Gibscm explored middle schcwl students' perceptions of what 
factors facilitated their learning of science. The subjects were 572 middle school 
students who participated in the World of Water (WOW) residential 
transdisciplinary summer prognun. Participation in this program is highly 
competitive; thus die students were all highly successful wiUiin their own school 
situations. The investigation was chiu-acterized as a discursive approach to 
emergent design to generate grounded theory. Primary data were collected via 
essays in which students were asked to reflect on tlieir experiences and compare 
learning in Uie WOW prognun to learning in their own schwls. Additional data 
were collected tluough piu-ticip^mt observation field notes, open-ended interviews 
with individuids, :uid open-ended group interviews. Tlie latter sources of data 
were used to corroborate or refute patterns identified from analysis of student 
essays. In general students identified experienuai leiuiiing, presentations by 
experts, tninsdiscipl iniay problem solving, hiuids-on activities, inductive activiUcs, 
adult mentors, networks, trusting of indi viduids in the le^iming environment, and 
experiencing self-reliance as being helpful to learning science. The authors 
concluded diat middle sch(X)l science teacher education could be enhanced by 
helping te;\chens develop :uid implement stmtegies that build trust, provide 
immersion in le:iniing, mid use inductive reasoning. 
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H In the last of these studies, Martinez and Haertel investigated the features 

H of science experiments that middle schcx)! student** find interesting. A sample of 

H 59 seventh-grade students was asked to list characteristics of enjoyable science 

I experiments. Trained raters C(xJed lliese statements into a three category model 

H derived from prior research on motivation: cognitive appeal, master)' appeal, and 

H social appeal. A second group of 66 seventh-grade students was given 12 cards, 

I each having one written characteristic of enjoyable science experiments that was 

H derived from the first coding scheme; they were asked to sort the cards lo form 

H their own typologies. These typologies were subject lo latent partial analysis to 

H derive an empirical model that was matched against the former a priori model. 

H The results produced a statistic;illy significant model that fit 1 1 of the original 12 

H categories. Examples of features of interesting science experiments included 

H discovering new things (cognitive), getting to make things (mastery), and 

H working with friends (social). 

H All of the studies described thus far deal with fairly broad and general 

H attitudes of students towiird science instruction. Dreyfits and Roth are a noted 

H exception to this statement in that they lcK)ked very specifically at the attitudes of 

H r.udents while dealing with controversial issues in science. Specifically, this 

H study assessed the degree of ajnbivalence in tlie attitudes of students toward 

H intervenuons of man in nature. A questionnaire, utilizing student input, was 

H designed in which pupils were confronted with eight "interventions of man in 

H natural processes" (i.e., ftunily planning, genetic engineering, nature reserves). 

H Each intervention was followed by three arguments against and three in favor of 

H the intervention. Specific arguments were categorized as personal, global, or 

H philosophical, with each intervention including a positive and negative argument 

H of each type. Two hundred mid eighty twelflh-grade pupils in Israel who had 

H selected biology as a major were requested to rate each argument independently 

B and to **vote," as if in a public committee, for or against each technology. The 

H degree of ambivalence was the degree to which the pupils agreed to both posiuve 

M and negative arguments concerning the same intervention, an apparently 

M contradictory attitude. Theautliors felt that such responses indicate an appreciation 

H forthe contributions ofthe technology while fearing its dimgers. Although a clear 

H majority of the pupils voted in favor of till the interventions, three main patterns 

H of responses were found: general agreement, indifference, and ambivalence. 

H When provided with the necess^iry knowledge, pupils were able lo appreciate 

H arguments against a certiiin technology even in cases of strong personal feelings 

H in favor of the technology (high ?unbiviilence). The authors concluded that the 

H development of such an ability may be one of the main objectives of science 

H education in a STS context. 

H The instruments used to measure student altitude related to science continue 

H lobe a source of concern. Two studies involving allitude-insU'ument development 

were conducted. Misiti, Shri^ley and Hanson set out to revise and validate a 

H Likcrt science altitude scjile for fil th through eighth grade students that was first 

H used more than two decades ago. The Uirgel altitude was defined as learning 

classroom science in the middle schcxil and was carefully differentiated from 
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alUiudes towards science inquiry, science careers, the nature of science, or 
scienusts. The final instrument consists of 23 statements categorized into five 
subcomponents: investigations, comfort/discomfort, learning science content, 
reading and talking about science, viewing films on TV. Coefficient alphas from 
two sets of data were 0.96 and 0,92 with evidence of validity offered. The final 
instrument seems to measure a single construct with several related subcomponents, 
Hiere seems to be some degree of cross-culturjd validity when the instrument is 
translated into Spanish. 

Orion and Hofstein developed an atutude-toward-field-trip quesuonnaire 
in order to provide formative and summauve evaluauon of geological field trips 
in Israel and to invesugatc Uie factors that infiuence the educauonal effecuveness 
of field trips. Five dimensions of attitudes toward field trips were identified: 
instructional learning tool, individualized learning, social event, adventure event, 
and environmental aspect. The instrument was found to be reliable and valid and 
was sensitive to differences in age and gender. The inventory \s usefulness as a 
measure for pre- and post-test research involving students' perceptions and 
attitudes about field trips was esUiblishcd, 

Gender issues in Science 

Attribution theory states that in educauonal situauons people tend to atuibute 
success or failure to one or more types of cause: ability, luck, effort, or difficulty 
of task. Based on the premise Uiat students attribute success or failure by the type 
and frequency of teacher interacuon, Barha and Cardinale sought to identify the 
quality and quanuty of science classr(X)m interacuons in relationship to gender. 
Classroom variables were invcsugated by randomly observing 14 secondary 
science teachers and uiUying classroom interaction behaviors. 

Results showed that mide students were asked a greater percentage of the 
high-level quesuons and were more often target students. Female students were 
askedagreaterpercentageoflow-levelquestions^usedtcacherapprovedmethods 
of gmning attention, and were Uu-get students less frequently. Male teachers 
interacted with Uu-get students more often dian female students. Teachers, 
regardless of gender, tended to interact more, however, with male students than 
with female students. Ovendl, this study suggests that female students have fewer 
interactions with science teachers mid receive less attention by confonning to 
teacher expectauons for classroom conduct. B y asking female students low-level 
questions, the observed science teachers provided cues to those students that they 
were low ability. In conuast, male students were provided with cues that would 
allow them to atuibute dicir perceived successes to high ability and U^eir failure 
to lack of effort. 

In a study wiUi results that strongly contrast wiUi those of the prcvious study, 
1 44 lessons taught by 1 2 teachers were recorded and mialyzed by Hacker in tcnns 
of the interactions of girls and boys in scconcbry schcK)l science lessons. All 
teachers were inide and were teaching die same physics topic from the an 
integratal science curriculum. Anidysis of classrcxMU tapes consisted of recording 



80 • Summary of Research in Science Education 1991 



the verbal and non-verbid interactions of the teacher with 12 randomly selected 
students from each class, six boys arid six girls. A few differences in frequencies 
of behaviors in favor of girls were reported, with girls more likely to initiate verbal 
interactions in the classrcKwn. Effect size for these differences was small. This 
study did not support uhe hypothesis that gender differences in science achievement 
in favor of boy s result from differential treatment of lx)ys and girls during science 
lessons. 

Classrooms, and the activities conducted in them, are obvious locations to 
search for influences that potentially gender stereotype science and science 
activities. In an attempt to detennine the effectiveness of classroom environment 
intervendons in attitudes concerning sex stereotyping of science. Mason, Kahle 
and Gardner randomly selected 14 biology teachers and their students from a 
pool of volunteers. Seven of die teachers were selected to participate in an 
intervention program designed to help teachers promote a stimulating, gender- 
free learning environment, llie intervention included a preschcwl workshop and 
weekly support for teacher change Uiroughout die schml year. The content of the 
intervention fcKused on c:m;er information, role m(xlels, equitable materials, 
innovative practices, and tlie results of die Draw-a-ScienUstTest (DAST) which 
was given as a pretest to a group of students prior to die intervention in order to 
obtain baseline data. Posttest-only conu*ol group comparisons revealed that 
changes in teachers' perceptions, as meiLsured by die Perceptions of Science and 
Scienusls Scale, Science Attitudes Questionnaire, Career Interest Survey and 
Science Experiences Survey, were significandy higher than diose of the control 
group. All 14 teachers (coi.X' r^ndexperinientiil) administered die DAST to their 
students (A^=549). Students in die classes of the teachers who underwent the 
intervenuon drew a significandy higher number of femiile scientists than the 
students of the control group teachers, lliis shift in percepdons was most 
apparent for femiUe students. When pictures were analyzed for sUmdard indicators 
of stereotyping (i.e., attributes, surroundings, mid clothing of scienusts) significant 
differences in mean score were not noted by treatment group or student sex. 
Interviews of randomly selected students revealed diat impressions of sciendsts 
are derived Uirough movies and c:u*tcx)ns that depicted sciendsts as mad, andsocial 
men. Using this infonnation. a second mialysis of pictures was conducted to 
determine if the scientists drawn could be described as eccentric, sinister, or 
neutral. Students in the experimentiil group drew significantly more neutral 
pictures than those in Uie control group, llie combined results of this study point 
to the effecuvcness of teacher interventions on sex stereotyping, which seem to 
translate in a posiuve manner to liieir students. 

The differential achievement of m:iles versus females in science has long 
intrigued science education rese:u'cliers. In an attempt to better understand diis 
differendal achievement. Levin, Sabar and Lthtnan useddaia from the 1983-84 
Israeli UiA (International Association for die Evaluation of Education 
Achievement) science study to explore gender-relaied differences and dieir 
determinants in tlie le:iming of science. Specifically, tlie types of errors made by 
students when performing probletn-solving tasks were aiuilyzed. The sample was 
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composed of 1,934 ninth-gnide students. The study involved several nieasures 
of science learning, ten attitudiiial measures, and item and error classification. 
Differences between boys and girls were observed in some measures of science 
performance — particularly in the physical sciences, in items with lower esli.'nates 
of "opportunity to leani," luid in specific kinds of errors. Gender-reiatto 
differences were also observed in the predictive mcxlel of achievement, using 
science-specific alTective ineitsures. Tlie discussion raises issues surrounding the 
cognitive and al'feclive readiness of boys and girls for learning science. 

Science Competition.s, Course Enrollment, and Career Selection 

Participation in science competitions, course enrolUnent patterns, and career 
choice seem to be interrelated choices, determined, at least to some extent, by 
variations in student affect. Tlie studies in this section explore these various 
relationships and propose factors of potential influence in this area. 

With increased participation in extracurricular science competitions, Jones 
explored patterns in gender participation and gender differences in subject areas 
selected (biologicid versus physical science). Participation data for grades 6 to 
1 2 were examined for science fairs. J unior Science and Humanities Symposia, the 
North Carolina Student Academy of Science, the Westinghouse Science Talent 
Search, and the Science Olympiad during 1987-1988. All competitions are 
individual except for the Science Olympiad. Student diita (1113 males and 972 
females) were examined by gender, grade level and subject category (physical 
science, earth science, biological science). ResulLs showed that gender differences 
in science competitions mirror those seen in course enrollment and career 
selection. Males have a higher interest :md participation in the physical sciences, 
and femiUes have higher uiterest and participation in biological sciences. The 
author suggests that the lack of female physical science research is a symptom of 
the differences observed in attitudes towards science. Implications include 
providing more female role models in the physical sciences, and increasing 
cooperative grouping ^ind goal structures in science classes and competitions. 

Few longitudinal studies follow a high schcx)l science student through 
college and into his/her resciirch career. Redman, Glass, and Eltinge contacted 
students recognized for outstanding scientific research by the Iowa Junior 
Academy of Science over a period of 13 years. From the original target 
population of 46 students, 21 males and 15 females a*spondcd to a survey 
regarding the students* post secondary education andcareer choices, the influential 
people or events in tlieir lives in tenns of research topic mid career selection, and 
several demographic variables. Ninety-two percent of the respondents completed 
degrees inhighereducativMi with gender differences surfacing in choice of science 
as a career and level of degree. Teachers/advisors and parents/guardians were 
credited as being the most influential in the selection of areas of research. The 
results of this survey support the a.ssumption that high sch(H)l students recognized 
for their rescjirch tend to enter a science related career. 
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Women and minorities continue to be underrepresenled in quantitatively 
based fields of study. Moreover, selection of such majors by all students is 
declining. The choice of a math/science major is of concern in light of the 
occupational demands created by advancing technology as well as the potential 
gaps in occupational and economic attainment of women and minorities. Maph 
and Stage report the analysis of a longitudinal model of math/science major 
choice upon entrance to college for black and white, female and male students. 
The model was tested using a siunple drawn from the "High School and Beyond*' 
data base. The model included background characteristics of students, ability, 
and an array of high sch(X)l experience factors to explain choice of quantitative 
major. Significant predictors of major choice for the subgroups included 
sophomore choice of major, mailiemaiics attitudes, math and science completed 
by senicH* year, and various parental factors. There were, however, differences 
across groups, and the model explained nearly twice as much variance for the 
black male, black female, and while iniUe subgroups as for the white female 
subgroup. Recommendiitions include broadening ways of researching migration 
into and out of the mathematics/science pipeline. An argument was made for a 
focus on the success of students enrolled in low-level college mathematics classes 
as a way of augmenting tiie mathematics/science pipeline. 

NdundaandMunhy studied genderdifferences via how female high school 
students construct their "science futures" — their view of their future in science 
courses and in science or science-related careers. Kenya was selected as the 
context for this study because the modem education system, derived from the 
system introduced by European settlers, has exploited traditional Kenyan gender 
roles and has widened tiie rift between tlie opportunities afforded men and 
women. Additionally, the coloniid system inlr(xluced the concept of privilege 
that has become institutioniUizcd in the sch(X)ls. Two schools within Kenyan 
society, one of mixed gender, the other an tdl-female school, were selected. Data 
included three montlis of observations both mside and outside the science 
classrooms. Twenty students ( 1 6 females and 4 males) were interviewed once or 
twice during the peri(xl of the study. All piirticipanls were selected from those 
studying pure sciences at die third yeiu- of secondary education. The concepts of 
resistance, challenge, mid barrier emerged from die diiia set as useful ways to 
explain and contrast die students conceptions of "science futures." These 
constructions were infiuenced by the students' perceptions of the culture of their 
schools and of die s(Kiety in which they live. Relationships among concepts of 
privilege and class are complex luid interactive. 

Acknowledging the common concern about the deardi of female and 
minority scientists, CamphcllconipcU'cd die academic self-concepts, attributions 
and achievement of miile iuid female Asian American and Caucasian students 
who won Westinghouse Awiuds in 1^)84 and 1985. Asian American students 
have received 25% of Uiesc awiu'ds (in compiirison to population composition of 
\%), contributing to die belief that Asian Hunilies scxrialize {heir children 
differently than Caucasian fmnilies. A total sampleof 191 males and 1 10 females 
respc^nded to a questionnaire related to the fcKus of diis study. The results of the 
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study showed thai fewer Caucasian fem.'ile recipienis anticipated college majors 
in the technical areas. Furthennore. this group of females scored lower on both 
attribution scales. In contrast, the Asian females optimized courses for the gifted 
and specialized research courses to distance themselves from the American 
females in almost all areas. The author linked these ethnic, gender differences to 
underlying psychological and scx:iological forces that are responsible for self- 
concept and attribution differences. It is these forces that must be altered for 
Caucasian females to rectify the gender inequalities that exist in the technical 
areas. 

Merteas examined the instructional variables that are specific to hearing- 
impaired students' altitudes toward and interest in science. Tnirty-two students 
and 25 staff members attended a four-week summer program in marine science 
with the goals of enhancing students' knowledge of and exposure to science as a 
career over the course of two summers. Data were collected by means of 
participant observation, semi-structured interviews, dcKumenl review, and 
questionnaires completed by staff and students. The focus of the data collection 
was the background cluiracteristics of ilie pjuticipants, their interest and preparation 
in science, experiences with deafness, and career awareness and aspirations. Data 
were reported for the following topics: student chiiracteristics, instructional 
methods, project management mid sUiffmg, and affective objectives. Students 
were found to be heterogeneous in lenns of their preferred mode of communication, 
skill in manual communication, lip-reading ability, degree of hearing loss, 
reading ability, and knowledge of an interest in science. Instrucdonal techniques 
that worked well included short lectures, active involvement, and frequent 
feedback to the instructor as to student understimding. The students viewed the 
program in a positive light though changes in career orientiition as a result of the 
program were not evident. The authors hope that die results of the research will 
be useful to teachers with he.'iring-impaired students mainstreamed into their 
classrooms. 

Th^ Relationship Between Cultural Beliefs and Scientific Beliefs 

Five studies dealt with tJie relationship between cultural beliefs and the 
learning of scientific beliefs. In the first of these, Mohapatra argues that societal 
perspectives on science .'ire inlluenced by the degree of knowledge that the 
average student acquires in schcK)l. Furthermore, pupils' alternative conceptions, 
which affect their degree of Iciirning, will cventuiilly affect the scientific view of 
society when these pupils become adults. Based on such arguments, the socio- 
cultural experience in India was investigated as a possible generative cause of 
alternative conceptions of tlie phenomenon of solar eclipse. Eighty-seven 
students ranging from 1 3-16 years of age were asked to complete a 20-question 
Likert scale instrmnent iJiat measured their atiribulion of phenomenon related to 
the solar eclipse to social-culiunil concepts and rituiUs. Students' alternative 
C(Hicepiious across the dilfereut age groups seemed resistant to extinction. The 
overwhelming acceptmice of socio-cultural views over scientific views were 
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explained in tenns of the differential lime spent in exposure to each view. 
Potential strategies to take socio-cullural views into account when teaching 
science are provided. 

The conceptual frameworks of Thai children related to causes of health and 
sickness were investigated by Rice. Fony-eight children from grades 6 and 8 
were interviewed using the Interview about Instances technique and analyzed 
using the Conceptual Profile Inventory. The analysis classified statements as 
reflecting school knowledge, cultural knowledge, or common-sense knowledge. 
The results indicated that Thai children hold considerable personal knowledge 
about the causes of hcidli) and sickiiess that does not derive from school 
knowledge or from scientific frameworks, lliis additional knowledge was found 
toencompass both Thai cuItundknowledgeandTluucommon-sense interpretations 
developed from everyday experience within Thai society. Patterns of the 
conceptual frameworks found reveal that Thai sch(X)lchildren perceive concepts 
related to causes of health and sickness within tlie biomedical framework as well 
as a number of alternative fnuneworks such as: nutrition, human habit, human 
aggression, Thai value systems, religious beliefs, environment, living conditions, 
socio-economic status, and fiunily behavior and attitudes. 

In the United States, Charron conducted a qualiLitive, descriptive study in 
an effort to better understand the relationship between ideas about scienre that 
pupils acquire in classr(X)ms and those acquired in several other contexts 
including the sch(X)l, the school system, and the UKal community. Datacollection 
included participant observation ^uld field notes, interviews, researching maps, 
inventories and dcKument files over a period of seven months. Fcx:i of the 
investigation included sch(K)l science experiences, non-school science experiences, 
the nature of science, science content, methods of teaching and ieamirtg science, 
methods of practicing science, and the value of science. Several dimensions of 
student' s science perceptions in grades 1 - 1 2 in a rural country school system were 
presented as they relate to the pupiPs viewpoints of sch(X)l and non-school 
experiences and to the views of UKal adults. Tht students' perceptions of science 
were also used as a basis to explore tliree issues that were raised by school 
administrators and teachers in tlie community of study and that have general 
bearing in science education. These issues are the need for articulation of school 
science offerings across grade levels, the need for the science program to make 
connections with kxrally held ideas and values, and the need for the science 
program to be comprehensive and accurate, rellecting science professionals' 
thinking and yet retaining sensitivity to UKal viewpoints. 

Jegede and Okebukola (a) highlight the significance of the process skill of 
observation in the teaching and learning of schcx)! science. Observations have 
been shown to be theory dependent: thus, m:iking an observation implies a world 
view in which the observation can be made iuid is worth making. This study 
investigated the supposition that observation skillsciui be influenced by students' 
belief in traditionjil African cosmology, beliefs and superstitions. Data were 
collected from 319 prc-degree (16.9 years old) science students from one of the 
Nigerian universities using the Traditional Cosmology Test and the Test of 
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Observational Skills. The results showed that students with a high level of belief 
in African traditional cosmology made significantly fewer correct observations 
in comparisoii with those with a ' .w level of belief. Similar results did not exist 
for tasks without traditional belicrs. African traditional beliefs seemed to exert 
the most influence on observational tasks in cc-nparisor with gt ;der and 
religious affiliations, a possibility sunpi)rted by interviews with a random 
selection of subjects. Implications for curriculum developers and proponents of 
inquiry-based science programs in African classr(X)m are discussed. 

Although the recent studies, such its those reported above, have shown that 
the socio-cultural chiiracteristics that children in non-western society bring into 
the classroom from their environment create a wedge between what they are 
taught and what they leiini, very little has been done to solve the problem. Jegede 
and Okehukola (h) claim tliat a Icanier who is not positively disp/osed to, or has 
a socio-cultural background that is indifferent to, learning science would find it 
hard to learn science effectively. This study investigated whether instruction 
through the use of the stKio-cullural mode had any significant effect on students* 
attitude towards the Icitniing of science. The sample consisted of 600 senior 
secondary year-one (grade level 10) students from 15 secondary schools in 
Nigeria. The Socio-Cultund Environment Sciile (SCES) and the Biology 
Achievement Test (BAT) were used to measure the change in attitude and 
achievement of subjects in a prelest-positest situation after a six-week treatment. 
The students were taught a six-week unit on mammalian reproduction with half 
of the studenLs being involved in discussions surrounding socio-cultural beliefs 
related to biologiciiJ ideas juid concepts, and the other half exposed only to 
expository methods of instruction. 

Evidence was found to support tlie hypothesis that science instruction which 
deliberately involves tlie discussion of socio-cultural views about science concepts 
engenders positive attitudes towiirds the study of science. Gender interactions 
with teaching methcxl were not found to exist. The findings also indicate that 
anthropomorphic and mechanistic views can be presented in such a way as to 
promote positive attitudes lowiirds tlie study of science in traditional cultures. 

Cotninents 

There are several concerns tliat have plagued research efforts on student 
affect. First, the relationship between attitude and achievement has commonly 
been noted to have low correlations, making tiie research efforts in these areas of 
marginal value in terms of impact. Secondly, the definitions used in attitudinai 
research areoftcn problematic, with distinctions mnong attitudes towards science 
as a discipline, science as a subject, scientists, or meth(xls of teaching science 
often being unclciir. Without cle:ir operational defmitions of the attitudes being 
examined, few conclusions across studies ciuj be made. The research reported in 
this review, however, seems to have improved uix)n these past flaws in several 
ways. First, liiere is a much more consistent effort to operationally define the 
attitude being measured. Second, many resciirchers have attempted to tie science 
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attitudes more broadly to outcome behaviors, which seem to be more directly 
related to the attitudes in question, njunely piirticipation in science activities as 
opposed to strictly science achievement. 

One of the key relationships implied in several of the studies is that between 
attitude and scientific literacy, Rescjirch tliat dcKumenls this relationship does 
not, however, seem to exist. Will positive attitudes automatically lead to 
increased scientific literacy as mjuiy of tlie articles in liiis review seem to suggest? 

In a similar vein, efforts in attitudinal research seem to be concentrated on 
students at the eighth grade and above willi relationships drawn to preferences for 
teaching strategies and ultimately course and career selection. This choice of 
grade level is interesting in light of the rese:irch, which reveals that many students 
select themselves out of the science pipeline as eiuiy as grade five and form many 
of their perceptions of themselves jirescienceleaniers by third grade. Consequently, 
it seems that the populations selected for this research are misplaced. It is 
measuring the attitudes and preferences of students in a target group for which 
there is a reduced likelihcx)d for significant impact in terms of course and career 
choices. Perhaps research of this nature should be aimed at students in the lower 
elemciiUuy grades despite llie logistical problems of working with students in this 
age group. 

Regardless of the sub-category in which articles were placed in this review, 
one result seems to be consistently demonstnited: Students leave science classes 
with more positive attitudes about science (and their concepts of themselves as 
science participants) when they leani science through inductive, hands-on 
techniques in classrcx)ms where tliey :ire encouraged by a caring adult and 
allowed to process the infomiation tliey have learned with their peers. In addition, 
teaching techniques of this sort seem to be gender neutral. This information is not 
surprising since such teaching techniques have been at the core of calls for science 
education reform for the last 30 yciirs. What is suiprising is that teaching in the 
public schools has not changed to keep pace with this infomiation. Why isn't 
practice changing? Are tliere mc^re effective nicLhods of passing this information 
on to practicing teachers so tliat tlie results can effect practice? The Mason, 
Kahle and Gardner article is piirticukirly encouraging in tliis respect. 

Access to science participation by women and minorities is still an issue of 
active research focus . Differences in piuticipation patterns are seen in classrooms, 
science competitions, course enroUment, career selection and in general attitude 
studies. The use of altributicMi thec^ry to teacher-student interaction seems to be 
quite useful. Across the studies reported, critical aspects of students' conceptions 
of themselves as science Iciimers seems to be inextricably tied to past science 
pcrfonnance and social pressures (piirents, teachers and peers) to participate in 
science. The Hacker article, however, c:ills such findings into question with 
opposing results. Why? As Hacker suggests, maybe the methods and incoming 
assumptions used in gender studies should be cjirefully scrutinized to decrease 
unintentional bias. Or perhaps die ccnitext of tlie Hacker study, conducted in 
Australia, should be exjunined for clues that point to cultural aspecLs which 
decrease the potential of gender bias. 
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Finally, the last group of studies brings the cultural nature of science into full 
focus with the p^nendally unavoidable confrontation of cultural and scienUfic 
beliefs. Interestingly, results, conceptions and implications reported for non- 
western cultures seem to be equally applicable to western cultures. The need to 
make connections between science and local beliefs and ideas is supported in a 
number of contexts and has the potendal to promote more posiuve student 
attitudes towards science instruction. Before making over-arching 
recommendations on how science should be taught around the world, however, 
acareful examination of Uie go^ds of science education in specific contexts woa^d 
be warranted. Which of the broader aspects of science are most appropriate 
within various contexts? ] low c:ui science and culture be appropriately merged 
while maintaining the imporumt chiu-acteristics of both science and the naUve 
culture? Or, must a belief in science replace cultural beliefs? A critical analysis 
of the appropriateness of Uie andcipated outcomes is necessary if informed and 
reflecdve implementation of science educalion in all setdngs is to occur. 
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The ERIC database, the world's largest source of education information, 
contains over 735,000 abstracts of documents and journal articles on education 
research and practice. This information is available at more than 2,800 libraries and 
other locations worldwide. 

You can access the ERIC database by using the print indexes Resources in 
Education and Current Index to Joumcds in Education, online search services, or CD- 
ROM at many libraries and information centers. The database is updated monthly 
(quarterly on CD-ROM). 

The ERIC System 

The ERIC System, through its 16 subject-specific Clearinghouses, 4 Adjunct 
Clearinghouses, and four support components, provides a variety of services and 
products that can help you slay up to date on a broad range of education-related issues. 
Products include research summaries, publications on topics of high interest, 
newsletters, and bibliographies. ERIC system services include computer search 
services reference and referral services, and document reproduction. ACCESS 
ERIC, with its toll-free number, 1-800-LET-ERIC, informs callers of the services and 
products offered by ERIC components and other education information .^jrvice 
providers. 

ERIC Reference and Referral Services 

With the world's largest educational database as a resource, ERIC staff can help 
you find answers to education-related questions, refer you to appropriate information 
sources, and provide relevant publications. ERIC components answer more than 
100,000 inquiries each year. Questions should be directed lo ACCESS ERIC or a 
specific Clearinghouse. 

Spcdfic documents: Recjuests for documents in the F.RIC database for which 
you have an accession number (l-:!) number) should be referred to an information 
provider near you. Call ACTESS ERIC to locate the nearest ERIC education 
information provider. 

liV 



108 • Summary of Research in Science Education 1991 



Subjv^ct-spedfic topics: Subject-related questions should be directed to the 
particular ERIC Clearinghouse whose scope is most closely associated with the 
subject matter involved. Or, call ACCESS ERIC for a referral. 

Computer searches: Requests for a computer search should be directed to one 
of the search services listed in the Directory of ERIC Infonnation Service 
Providers, available from ACCESS ERIC. 

ERIC Clearinghouse pubHcation.s: Requests for a publication produced by an 
ERIC Clearinghouse should be directed to the specific Clearinghouse. 

Major ERIC Products 

ERIC produces many products to help you access and use the information in the 
ERIC database: 

Abstract Journals: ERIC produces two monthly abstract journals. Resources 
in Education (RIE),apublication announcing recent education-related documents, 
and the Current Index to Journals in Education (CUE), a periodical announcing 
education-related journal articles, is available through Oryx Press (1-800-457- 
6799). Many libraries and information centers subscribe to both monthly 
journals. 

All About ERIC: This guide providesdetailed informationon ERIC, its products 
and services, and how to use tliem. Free copies are available from ACCESS 
ERIC, 

Catalog of ERIC Clearinghouse Puhiications: Tlie Catalog lists publications 
produced by the ERIC Clearinghouses and support components, prices, and 
ordering information. Free copies of the Catalog are available from ACCESS 
ERIC. 

The ERIC Review: This journal discusses important ERIC and education- 
related developments. For a copy, call ACCESS ERIC. 

Information Analysis Products: ERIC Clearinghouses produce reports, 
interpretive summaries, syntheses, digests, and other publications, many free or 
for a minimal fee. Contact the Clearinghouse most closely associated with your 
interests for its publications list. Call ACCESS ERIC for a free copy of the 
Catalog of ERIC Clearinghouse Puhiications. 

Microfiche: The full text of most ERIC documents is available on microfiche. 
Individual documents and back collections on microfiche are available. Call the 
ERIC Reproduction Document Service (EDRS) for more information. 
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Thesaurus of ERIC Descriptors - The complete list of index terms used by the 
ERIC System, with a complete cross-reference structure aid rotated and 
hierarchical displays, is available from Oryx Press, 

ERICTAPES-ComputertapcsofQieERICdatabaseareavailable by subscription 
or on demand from the ERIC Facility (write for a orice list), 

ERIC Document Delivery 

Documents: EDRS is the primary source for obtaining microfiche or paper 
copies of materials from the ERIC database, EDRS can provide full-text copies 
of most documents announced in Resources in Education (RIE), and ERIC's 
microfiche collection is available by monthly subscription from EDRS, EDRS 
also sells microfiche and paper copies of individual documents on request. For 
more information, call SDRS at (800) 443-ERIC, 

Journal Articles: Two agencies that provide reprint services of most journal 
articles announced in Current Index to Journals in Education (CUE) are listed 
below. Some journals do not permit reprints; consult your local university or 
local library to U)cate a journal issue. Or, write directly to the publisher. 
Addresses are listed in the front of each CUE, 

University Microfilms International (UMI) 
Article Clearinghouse 
300 North Zeeb Road 
Ann Arbor, MI 48 106 
Telephone: (800) 732-0616 

Institute for Scientific hiformation (ISI) 
Genuine Article Service 
3501 Market Street 
Philadelphia, PA 19104 
Telephone: (800)523-1850 

ERIC Information Retrieval Services 

The ERIC database is one of the most widely used bibliographic databases in the 
world. Last year, users from 90 different countries performed nearly half a million 
searches of th^. database. The URIC database currently can be searched via four major 
online and CD-ROM vendors (listed below). Anyone wishing to search ERIC online 
needs a computer or terminal that can link by telephone to the vendor^s computer, 
communications software, and an account with one or more vendors. 
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The Directory of ERIC Infonmition Providers lists the address, telephone 
number, and ERIC collection status for more than 900 agencies tliat perform searches. 
To order a copy, call ACCESS ERIC ( I -800- LET- ERIC). 

Online Vendors 

BRS Information Technologies 
8000 Westpark Drive 
McLean, VA 22102 
Telephone: (703) 442-0900 
(800) 289-4277 

Dialog Information Services 
3460 Hillvicw Avenue 
Palo Alto, CA 94304 
Telephone: (415) 858-2700 
(800) 334-2564 

OCLC (Online Computer Library Center, Inc.) 

6565 Frantz Road 

Dublin, 01143017-0702 

Telephone (614) 764-6000 

(800) 848-5878 

(Ext. 6287) 

CD-ROM Vendors 

Dialog Informatic>n Services (same addjess as above) 

Silver Platter Information Services 
One Newton Executive Park 
Newton Lower Falls. MA 02162-1449 
Telephone: (617) 969-2332 
(800) 343-0064 

ERIC Components 

Federal Sponsor 

Educational Resources Informution Center (ERIC) 
U.S. Department of Education 

Office of Educational Research and Improvement (OERI) 
555 New Jersey Avenue N.W. 
Washington. DC 20208-5720 
Telephone: (202) 219-2289 
Fax: (202) 210-1817 
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Clearinghouses 

Adult, Career, and Vocational Education 

The Ohio Stale University 

1900 Kenny Road 

Columbus, OH 43210-1090 

Telephone: (614) 292-4353; (800) 848-4815 

Fax (614) 292-1260 

Counseling and PcrM>nncl Services 

University of Michigan 

School of F/Jucation, Room 2108 

610 East University Street 

Ann Arbor, MI 48109-1259 

Telephone: (313) 764-9492 

Fax: (3 13) 747-2425 

Educational Management 

University of Oregon 
1787 Agate Street 
Eugene, OR 97403-5207 
Telephone: (503) 346-5043 
Fax: (503) 346-5890 

Elementary and Early Childh<w>d Education 

University of Illinois 
College of Education 
805 W. Pennsylvania 
Urbana, IL 61801-4897 
Telephone: (217) 333-1386 
Fax (217)333-5847 

Handicapped and Gifted Children 

Council for Exceptional Children 
1920 Association Drive 
Reston, VA 2209 M 589 
Telephone: (703) 620-3660 
Fax: (703) 264-9494 

Higher Education 

The George Washington University 
One Dupont Circle N.W.. Suite 630 
Washington. DC 20036-1 1X3 
Telephone: (202) 296-2597 
Fax: (202) 296-8379 
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Information Resources 

Syracuse Universily 
Huntington Hall. Rot)m 030 
Syracuse, NY 13244-2340 
Telephone: (315) 443-3640 
Fax: (315) 443-5732 

Junior Collegia 

University of California at U)s Angeles (UCLA) 

Math-Sciences Building, Room 81 18 

405 Hilgard Avenue 

Los Angeles, CA 90024-1564 

Telephone: (213) 825-3931 

Fax: (213) 206-8095 

Languages and Linguistics* 

Center for Applied Linguistics 

1 1 18 22nd Street N.W. 

Washington. DC 20037-0037 

Telephone: (202) 429-9551 and (202) 429-9292 

Fax: (202) 429-9766 and (202) 659-5641 

* Includes Adjunct ERIC Clearinghouse on Literacy Exiucation for Limited 
English Proficient Adults 

Reading and Communication Skills 

Indiana University 

Smith Research Center, S*Jitc 150 

2805 East 10th Street 

Bloomington. IN 47408-2698 

Telephone: (812) 855-5847 

Fax: (812) 855-7901 

Rural Education and Small S:h(K)ls 
Appalachia Educational Laboratory 
1031 Quarrier Street 
P.O.Box 1348 
Charleston, WV 25325-1348 
Telephone: (800) 624-9120 (oulside WV) 
(800) 344-6646 (inside WV) 
(304) 347-0400 (Charleston area) 
Fax: (304) 347^0487 

Science, Mathematics, und Knvironmental Education 

The Ohio Slate Universily 
1 200 Chambers Road, Room 310 
Columbus. OH 43212-1792 
Telephone: (614) 292-6717 
Fax (614) 292-0263 
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Sodai Studies/Social Studies Education** 

Indiana University 
Social Studies Development Center 
2805 East 10th Street, Suite 120 
Bloomington, IN 47408-2373 
Telephone: (812) 855-3838 
Fax: (812) 855-7901 

** Includes Adjunct ERIC Clearinghouse on Art Education; and tlie National 
Clearinghouse for U, S.- Japan Studies 

Teadier Education 

American Association of Colleges tor Teacher Education (A ACTE) 
One Dupont Circle N.W., Suite 610 
Washington, DC 20036-2412 
Telephone: (202) 293-2450 
Fax: (202) 457-8095 

Tests, Measurement, and Evaluation 
American Institutes lor Research (AIR) 
Washington Research Center 
3333 K Street N.W. 
Washington, DC 20007-3893 
Telephone: (202) 342-5060 
Fax: (202) 342-5033 

Urban Education 

Teachers College, Columbia University 

Institute for Urban and Minority Education 

Main Hall, Room 300, Box 40 

525 West 120th Street 

New York, NY 10027-9998 

Telephone: (212) 678-3433; Fax (212) 678-4048 

Adjunct Clearinghouses 

National Clearinghouse on Literacy Education 

Center for Applied Linguistics 
1118 22nd Street N.W. 
Washington, DC 20037 
Telephone: (202) 429-9292 
Fax: (202) 659-5641 
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Adjunct ERIC Clearinghouse for Art Education 

Indiana University 

Social Studies Development Center 

2805 East lOth Street, Suite 120 

Bloomington, IN 47405-2098 

Telephone: (812) 855-3838 

Fax: (812) 855-7901 

National Clearinghouse for U. S. -Studies 

Indiana University 

Social Studies Development Center 

2805 East 10th Street, Suite 120 

Bloomington, IN 47408-2098 

Fax: (812) 855-7901 

Adjunct ERIC Clearinghouse on Chapter I 

Chapter 1 Technical Assistance Center 
PRC, Inc. 

2601 Fortune Circle East 

One Park Retcher Building, Suite 300-A 

Indianapolis, IN 46241 

Telephone: (317) 244-8100, (HOO) 450-2380 

Fax: (317) 244-7386 

Support Components 

ACCESS ERIC 

Aspen Systems Corporation 
1600 Research Boulevard 
Rockville, MD 20850-3100 
Telephone: (800) LET-ERIC 
Fax: (301) 251-5212 

ERIC Document Reproduction Service 
7420 Fullerton Road, Suite 1 10 
Springfield, VA 22153-2852 
Telephone: (301) 258-55(X); (K(K)) 443-ERIC 
Fax: (301)948-3095 

Oryx Press 

4041 North Central Ave., Suite 7(K) 
Phoenix, AZ 85012-3399 
Telephone: (602) 265-2051; (S(X)) 279-()RYX 
Fax: (602) 265-6250; (800) 279-4663 
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How to Submit Documents to ERIC 

ERIC collects a variety of matcrijils on education-related topics. Examples 
of materials included in the diiuibase: 

Research reports 
Instructional materiiils 
Monographs 
Teaching Guides 
Speeches and presenuitic)ns 
Manuals and handbc)oks 
Opinion papers 

Submissions can be sent to llie Acquisitions Department of the ERIC 
Clearinghouse most closely related to the subject of the paper submitted, or sent 
to the ERIC Processing Facility. 
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